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Preface 



The Georgia Board of Education mandates that ail students 
receive instruction in science in grades K-8. State board policy 
also requires that each student graduating from any Georgia 
hiph school have at least two Carnegie credits in science to 
be eligible for graduation. 

To help school systems plan for meeting these requirements, 
Georgia's science curriculum guide is being published in three 
parts. The first is a detailed, hoiv-to-do-it guide for primary and 
elementary teachers in grades K-5. The second is a broader guide 
to science curriculum development for use by teachers in grades 
5-8. This third in the series is offered for specialized science 
teachers in grades 9*12 as a general guide to secondary school 
science. Readers of this guide will find it nonprescriptive but full 
of options which can be adopted or adapted into focal schools' 
science curricula. 

The three documents have been written by Georgia's science 
teachers and educators and are based on needs expressed by 
science teachers at all levels. I am confident you will find these 
materials to be valuable planning guides in the development of 
local instructional programs. 

Charles McDaniel 

State Superintendent of Schools 
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Introduction 



During the decades of the 1950$ and 1960s, the National Science 
Foundation, science educators and commercial publishing firms 
produced a remarkable array of instructional programs. These 
incorporated most of the features believed essential to sound 
practices in science education. Process skill development, inquiry 
strategies, attractive multimedia materials, alternative approaches 
to conceptual organization, prepackaged lab kits and other com- 
ponents were combined into impressive curriculum packages. 
BSCS, SCIS, S-APA, ISCS, ESS, PP and other acronyms became 
as commonplace in the vocabulary of modem science teachers 
as the more traditional and descriptive names. 

By the mid 1970s science curriculum development had become 
an important field for commercial publishers. Series for K-6 
science, intermediate science and all secondary disciplines were 
available from major publishers. Given this range of choices, one 
might ask. Why be concerned over curriculum content? Why not 
simply buy a program, train teachers and let the program dic- 
tate content? This may be common practice in many situations, 
but it is contrary to established principles of curriculum develop- 
ment. Science program goals for a Georgia school system should 
be extensions of the' overall goals of the school system. This 
guide is intended to help achieve those goals. 

Lucille Jordan 
Associate Superintendent 
Office of Instruction 

R. Scotv Bradshaw 
Director 

Division of Curriculum Services 



Chapter I 



Secondary 
Curriculum 
Development 



Educators involved in curriculum development 
should understand that goals for the local school 
systems are only a point of departure. Efforts to 
get somewhere in writing curriculum are easier 
when it is understood where we came from (LEA 
goals of education). Let's examine a few typical 
school system goals. 

Students should 

1. acquire to the fullest extent possible mastery 
of the basic skills in the use of numbers and 
words; 

2. acquire the greatest possible understanding 
of themselves and appreciation of their u^orthi- 
ness; 

3. acquire good health habits and an understand- 
ing of the conditions necessary for the mainte- 
nance of physical and emotional well-being; 

4. understand and appreciate human achieve- 
ment in the natural sciences, the social sciences, 
the humanities and the arts. (Barrow County 
Schools) 

The list continues to develop as the community 
attempts to determine what values and skills will 
best serve the students and society. John I. 
Goodlod ( 1 966) refers to the formulation of school 
goals as societal-level decision making and de- 
fines a school system goal as ''a remote end for 
the guidance of educational activity. State- 
ments . . . (that) imply both selection of values 
and commitment to education for their attain- 
ment.*' 



Curriculum development bases content-related 
program goals on educational ^oals. For example 

School system goal — Acquire to the fullest 
extent possible mastery of the basic skills in the 
use of numbers and words. 

Program goals 

1. To develop an understanding of common sci- 
ence terminology. 

2. To use skills of reading, spelling and listening 
in science comprehension. 

3. To use skills in math application to interpret 
science phenomena. 

Goodlad defines program goals as the outcomes 
of institutionaMevel decision making. The 
development of program goals should be the 
responsibility of total faculty groups under the 
leadership of school administrators. 

From program goals, decision making becomes 
InstructionaMevel as broad content is honed 
by teachers into instructional objectives and 
teaching strategies based on the individual needs 
of learners. Obviously, with 20 or 30 broad pro- 
gram goals there will be hundreds of instruc- 
tional objectives in the curriculum. 

Common sense dictates the need to organize 
instructional objectives in some meaningful way. 
Organization involves scope and sequence. The 
scope of the K-12 science curriculum may be 
influenced by more than one factor (i.e., the devel- 
opment of science program goals from school 



system goals). In addition to teaching content, 
science education should teach skills aimed at 
helping students become lifelong learners and 
effective problem-solvers. Dean and Dean (1981) 
suggest five goals for science skills development. 

1. Motor Skills — To develop within students 
the motor skills needed to conduct investiga- 
tions of the natural, social and technological 
environments. 

2. Information Processing Skills — To de- 
velop within students the information process- 
ing skills needed to gather and organize quanti- 
tative data into a manageable, usable knowl- 
edge framework of concrete and defined con- 
cepts and rules. 

3. Problem-solving and Decision-making 
Strategies — To develop within students self- 
regulative problem attack strategies needed 
to use and modify acquired knowledge in the 
solution of the problems encountered in the 
academic and real-life envirr ^lent. 

4. Affective Skills — To : ^lop within stu- 
dents a commitment to the concept that scien- 
tific knowledge is tentative, self-corrective and 
revisionary and continually shapes perceptions 
of the physical and social environment. 



5. Science Communication Skills — To de- 
velop within students the skills needed to 
gather, evaluate, organize and use scientific 
knowledge generated and communicated by 
others and the skills to transmit both self- 
generated and acquired knowledge to others 
in a usable form. 

Sequencing the objectives of a curriculum will 
probably be more difficult. Learning activities 
keyed to school system goals take place through- 
out the K-12 curriculum. A single learning event 
must be preceded and followed by many other 
individual learning events. Factors to be consid- 
ered in planning the sequence of learning events 
are discussed later in this chapter. 

Lists of instructional objectives are available for 
faculty curriculum development groups. The lists 
represent over 50 years of diligent work in this 
area. Federal, state and local education agencies, 
teacher training institutions and many commer- 
cial publishers are sources of expected science 
pronciencies for elementary, intermediate and 
secondary curriculum. There are several ways to 
develop the K-12 skills continuum. Figures I, II 
and III are three? examples. 
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Figure I 

Essential Skills for Georgia Schools 



Topic 



Concept/Skills 



K.4 



c. Matter 

1. Description 



2. Structure 



3. Earth-Space 
Relationships 



The learner will 

a. describe the surfaces by color, shape and 
texture. 

b. differentiate among solids, liquids, gases. 

c. classify similar objects by particle size. 

d. pxplain the difference between mixtures 
and solutions. 

e. measure matter by both volume and mass. 

f. describe density as light or heavy. 

g. predict ability of objects to float in water. 

h. define density as mass per unit volume. 

i. explain changes in matter (form or phase) 
requiring energy exchange (input or out- 
put). 

a. explain structure of matter as array of 
atomic building blocks. 

b. describe crystal structure by shape. 

c. explain crystals. 

d. classify matter according to theoretical 
structure, e.g., ionic or covalent (electrical 
attraction or electron sharing). 

e. describe the theoretical chemical atom 
as dense positive nucleus surrounded by 
negative electron cloud. 

f. differentiate between living and nonliving 
matter. 

a. describe earth as sphere in space, part 
of solar planetary system. 

b. describe the solar system in the context 
of its relative galactic position am the 
theoretical relation among celestiaKob- 
jects. 

c. recognize sun as principal source of earth 
energy. 

d. describe climatic zones of earth (polar, 
temperate, tropic). 



I D 



I D 



5-8 



R 



D 
D 



D 



I 

D 

I D 



D 

I D 
I 

D 

I D 



R 

R 
R 



D 



D 

D 
D 

D 

I D 
I D 
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Figure U 

Skills Continuum* 



Skills 



Grades 

123456789 10 11 12 



Biological Sciences 

A. Living World (environment) 

1. Ecology 

a. pollution 

b. conservation 

c. bio» geo» chemical cycles 

d. environmental interaction 
^. interdependence 

2. Primitive Life Forms 

a. viruses 

b. bacteria 

c. fungi 

3. Cells 

a. structure 

b. organelle function 

c. cellular reproduction 



B. 



D. 



D 
D 



D 
I 

D 



D 
D 
D 



Plants 

1. Classification 
Function 

a. photosynthesis 

b. reproduction 

c. nutrition and growth 
Plants and Man 
Heredity and Genetics 



2. 



I I I D 
I 
I 



I D 
I D 



Animals 



Human Growth and Development 

1. Function 

a. digestion 

b. respiration 

c. reproduction 

d. nervous 

e. excretory 

f. circulatory 

g. skeleton muscle 

h. endocrine 

i. epithelial 

2. Heredity and Population 
Genetics 

3. Behavior 

4. Social and Hmotional Growth 



I I 
I I 



D 
R 
R 
R 

R 
R 
R 

R 
D 
I.D 



R 
R 



1. 


Classification 




1 1 


1 D 


D 


R 


2. 


Animals and Man 


1 










3. 


Function 














a. ' movement 


1 


1 1 1 


1 D 




D 




b. respiration 






1 


D 


R 




c. reproduction 










I.D 




d. growth 






I 




D 


4. 


Heredity and Genetics 


1 








I) 


5. 


Behavior 








1 





D.R 
D.R 
D.R 
D.R 
D 

D.R 
D.R 
0 

D.R 



D 



*Hrpnnteii from Jefferson Cit\/ K'1'2 Science Skills Continuum 
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Figure III 



Science K-12' 



System Goal 

1- Acquire to the fullest extent possible mastery of the 

basic skills in the use of words and numbers. 

Program Goals 

1.1. To develop an understanding of common science termi- 

nology. 

Performance Objectives 

1.1.1. Define basic words related to the concept of time, e.g., 
before, after, time, moving. 

Define basic words related to the concept of space; e.g., 
where, inside, outside, top, middle, bottom, near and far. 

Use words that describe color, size, shape and sym- 
metry. 

Describe basic parts of a plant; e.g., leaf, flower, root, 
stem, seed. 



1.1.2. 

1.1.3 

1.1.4 

1.1.5 

1.1.6 

1.1.7 

1.1.8 

1.1.9 

1.1.10 
1.1.11 



Use words that describe primary science processes: e.g., 
measure, observe, etc. 

Use words that describe the integrated process skills; 
e.g., formulating hypotheses, operational definitions. 

Use words that relate to temperature, e.g., warm, hot, 
cold, thermometer. 

Use terms describing simple physical changes in matter; 
e.g., melting, freezing. 

Use words that relate to simple light phenomena; e.g., 
reflection, shadow, light, darkness. 

Use words that describe magnetism. 

Define words that describe basic animal functions; e.g., 
walking, swimming, flying, eating. 



K.4 5-8 9-12 



,D 



,D 



D 
D 



D 



D 



D 
D 
D 



R 
R 
R 
R 



R 



R 

R 

R 
R 



*Reprinted from Barrow County K-12 Science Continuum 
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Sequencing the 
Science Curriculum 

There are many factors to consider in sequenc- 
ing the content and skill components of the 
curriculum. Levels of intellectual activity, atti* 
tudes, development of the child's thinking pro- 
cesses and development of instruction are all 
important. 

Learning objectives should be sequenced in order 




of complexity. Bloom's (1956) taxonomy of edu- 
cational objectives is the most used scheme for 
cognitive activity, and is suggested as a tool for 
sequencing instructional outcomes. While it is 
necessary in high school science to continue to 
develop knowledge and comprehension, curricu- 
lum planners are urged to seek balance by pro- 
viding application, analysis, synthesis and evalua* 
tion objectives. A brief review of Bloom's taxo- 
nomic scheme using science as a context is pre- 
sented in Figure IV. 

IV 



Bloom's Ta 

Knowledge 

The lowest level of cognitive activity, according 
to this widely accepted classification system, is 
the acquisition of knowledge by memorization. 
This includes memorization of knowledge at all 
levels — from simple terminology and facts to 
principles, generalizations and theories. In short, 
this activity consists of acquiring any informa- 
tion through the exercise of memory. 

Comprehension 

Demonstrations of various levels of comprehen* 
sion rank just above memorization. Comprehen- 
sion is manifested in such acts as paraphrasing 
or translating information into the student's own 
language, explaining and summarizing commu- 
nications and determining the implications of 
given information. 

Application 

The application of information to problem situa- 
tions ranks above comprehension in terms of com- 
plexity. Here the learner must select from a num- 
ber of processes, skills or theories those that will 



lie Scheme 

help him or her to soive the problem. The learner 
must then apply these selections in some orderly 
sequence to realize his or her goal. 

Analysis 

Analysis generally involves the detailed examina- 
tion of a statement or process according to some 
preconceived logical system. The learner may 
examine the parts of the statement or process 
individually, reorder them oi substitute others to 
test the structure as a whole. A child would be 
operating at the analysis level, for instance, as 
he or she examined a model of an atom to see if 
it accounted for all he or she knew about atoms. 

Synthesis 

This level is especially important for science, for 
synthesis means putting parts together to form a 
new and unique whole. Children who are doing 
individual discovery and experimental activities 
are thought to be operating mainly at the synthe- 
sis level, as they derive hypotheses and devise 
methods for testing them. 



is 



^ Evaluation 



This Is the highest level of cognitive acilvlty. It has 
become Important that scientists form a humanistic 
sj^stem of values. Now that science ma\^soon predeter* 
mine the characteristics of a race, and even create life 
Itself, the scientist Is faced with awesome decisions. 
(Esler and Esler, 1981) 



Skills and content become important to the 
design of sequences for future learning. Sequen- 
tial curriculum planning must be based, in part, 
on ascending cognitive development. 

Therp is evidence that while the rate of techno- 
logical progress increases in our society, science 
literacy is declining. Science literacy involves both 
knowledge and attitude. It follows that the K-12 
science curriculum would be strengthened by 
attending to the attitudes of students. A taxon- 
omy is helpful in identifying and sequencing stu- 
dent behaviors. The following affective taxon- 
omy. Figure V, was developed by Krathwohl, 
Bloom and Musia (1964). 

Science curriculum planners should also weigh 
sequencing decisions against an acceptable the- 
ory of intellectual development. Many modern 
science programs have been developed around 
Jean Piaget*s (1958) theory of intellectual de- 
velopment. The difficulty in sequencing the in- 
struction for a high school science program lies 
in the disparity in intellectual capabilities among 
high school students. According to Piaget, chil- 
dren enter a formal operations stage around age 
11. The child should then be capable of per- 
forming logical operations mentally without rely- 
ing upon the manipulation of concrete objects. 
Many science teachers have found, however, that 
a significant number of high school students must 
rely on the physical manipulation of concrete 
objects in seeking solutions to problems. This is 
not meant to imply that these students are either 
concrete operational or formal operational. The 
transition from one stage (concrete) to a more 
advanced stage (formal) is gradual and pro- 
gresses across many areas of development. The 
implication for sequencing the science curricu- 
lum lies in efforts that assure manipulative expe- 
rfences for students while providing learning 
opportunities that foster formal reasoning ability 
in the more advanced student. 

There is little research supporting any particular 
conceptual organization of knowledge for high 



school science. From the five goals of science 
teaching presented earlier (Dean and Dean, 
1981), it is obvious that science content is an 
important vehicle for skills development What 
is not as obvious, however, is a systematic ap* 
proach to conceptual organization. The Georgia 
Department of Education uses the following out- 
line for organization. 

A. Problem Solving (skill) 

B. Process of Science (skill) 

C. Matter (content) 

D. Energy (content) 

E. Interaction (content and skill) 

Some authorities suggest that all science subject 
matter is either life science or physical science. 
Others regard this categorization as simplistic. 

Georgia high schools generally adhere to the 
time-tested science curriculum of biology, chem- 
istry and physics, in that order. DeVito (1979) 
notes, however, that physics has long borne the 
mantle of pure science and is the primary root of 
science. HeVito uses the following diagram to 
depict the structure of science. 




It would appear that while this structure is logi- 
cally sound, it is not parallel with the ability and 
interests of students at various grade levels. The 
lack of parallelism between the structure of sci- 
ence and the nature of the learner has resulted in 
our current practice of biology first for most, 
chemistry next for some and physics last for a 
few. 

The American Association for the Advancement 
of Science (AAAS) has provided a widely accepted 
system to put the skills for doing science in 
categories. These skills are divided into two 
groups, the primary processes and the inle* 
grated processes. The primary process skills are 
described as follows: 
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Figure V 



Tar.onomy 



Affective Domain 


Examnles f\t Student Behavior 


Receiving 


The student will 


(Level 1) 


— listen by turning to the correct page. 




— observe by pointing to the event. 




— give attention by sitting up straight. 




— be aware of the assignment by doing it. 


Responding 


— answer a question. 


(Level 2) 


— perform a task. 




— turn in work. 




— volunteer for a Job. 


Valuing 


— follow the safety rules. 


(Level 3) 


— exhibit acceptable behavior. 




— initiate a task. 




— complete a job on time. 


Organization 


— resolve coniiiciing values. 


(Level 4) 


— change an opinion. 




— alter a belief. 




— adhere to a position. 




— defer making a judgement. 


Characterization 


— behave in a predictable manner in a laboratory sit- 


by a Value or 


uation. 


Value Complex 


— voluntarily take a summer science course. 


(Level 5) 


— have identifiable personality characteristics in har- 




mony with the tenets of a scientific attitude. 
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Primary Process Skills 



Skill 



Description 



Observing 



Classifying 



Measuring 



Communicating 



Inferring 



Predicting 



Recognizing space* 
time relations 



Recognizing number 
relations 



Using all the senses to identify 
and name the propeities of ob* 
jects and events. 

Putting objects into categories 
according to a predetermined 
set of properties. 

Developing appropriate units 
of measurement for length, 
area, volume, time, weight, etc. 

Compiling information in 
graphic or pictorial form. De- 
scribing objects and events in 
detail. 

Suggesting more about a set 
of conditions than is observed. 
Differentiating between obser- 
vations and inferences, chang- 
ing inferences to accommodate 
new information. 

From a set of events, predicting 
a future event. Using graphs to 
interpolate and extrapolate 
guesses. 

Describing the position of an 
object with reference to other 
objects or to time. Describing 
changes in the shape and posi* 
tion of an object over a period 
of time. 

Finding the quantitative rela- 
tionships among data. Using 
the number line to perform 
arithmetic operations. 



The integrated processes are formulating a hy- 
potheses, making operational definitions, control- 
ling and manipulating variables, experimenting 
and interpreting data. The integrated processes 
are actually combinations of the primary pro- 
cesses. Given an effective K-8 science program, 
secondary students should be capable of 

(a) gathering and processing information. 

(b) using integrated process skills, 

(c) receiving and transmitting science informa- 
tion. 

(d) formulating and using deductive-normative 
explanations and 

(e) analyzing systems and formulati.ig simple 
mathen^atical models. 



The challenge of the 9-12 science curriculum is 
to provide stimulating and meaningful opportuni- 
ties for using these capabilities in solving prob- 
lems. Sequencing opportunities for the applica- 
tion of process skills at the secondary level is not 
a consideration if all students have the capabili- 
ties listed above. In the absence of previous oppor- 
tunities for skill development and application, the 
skill component of the curriculum should reflect 
instruction aimed at the sequential development 
and application of integrated process skills. 

Many science programs are based on a spiral 
approach for curriculum design. The spiral cur- 
riculumt introduced by Jerome Bruner (1960), 
proposes that content be systematically and peri- 
odically reintroduced. Each reintroduction should 
present a topic on a more complex level. This 
approach also serves another purpose. By review- 
ing previously learned material, retention of sub- 
ject matter and transfer of learning are likely to 
improve. Certainly a spiral approach to curricu- 
lum development is compatible with Bloom's 
ascending taxonomy of cognitive objectives and 
Piaget*s sequential stages of intellectual develop- 
ment. The success of the spiral curriculum at the 
secondary level will depend largely on the continu- 
ous sequential presentation of key science con- 
cepts in the K-8 curriculum. 



Minimum Science for 
Literacy 



Before determining the minimum amount of 
instruction to assure science literacy, a tougher 
question must be faced. What is science literacy? 
A review of the literature reveals no universal 
definition, but does reveal some shared ideas. 

One definition for a scientifically literate citizen 
is one who can read and comprehend scientific 
literature as it might appear in the popular press. 
This definition, however, is perilous. A visit to 
the local newsstand will show what is being sold 
by the popular press as science. While there are 
some responsible publications, sensationalism 
seems to be the order of the day. The occult, 
astrology, UFOs and other pseudoscience topics 
seem to have captured the attention of the public. 

The uncritical belief of the 1950s and 1960s in 
the power of science and technology to alleviate 
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human problems has given way to the realities 
of the 1970s and 1980s. These later decades 
brought the proliferation of strategic weapons, 
the aftermath of a disastrous war, economic and 
aesthetic losses associated with diminishing nat- 
ural resources, increasing environmental degra* 
dation, widescale famine and controversies re- 
lated to genetic engineering. 

Humans have never confronted issues so crucial 
to survival. It is not difficult to understand public 
disenchantment with science and technology 
given these conditions, but ironically there are 
probably no alternative solutions ruling out the 
use of science and technology. How do we reedu- 
cate people to recognize that science is a double- 
edged sword, but still has the potential to cut the 
bonds of disease, famine, pollution and other 
global ills? 

Rusch (1979) calls for a science curriculum that 
no longer focuses on scientific inquiry in a pedan- 
tic and authoritarian manner. He also calls for 
an end to the 1960s focus of science education 
on production of more qualified scientists. Few 
students pursue any specific discipline beyond 
the 12th grade. If one accepts a distinction be- 
tween interpretative and applicative knowledge, 
the science curriculum most likely to foster science 
literacy emphasizes interpretative knowledge. In- 
terpretative knowledge would allow people to in- 
terpret new problem situations in the light of their 
existing knowledge. Scientific knowledge, how* 
ever, should be integrated throughout the entire 
curriculum. This does not imply that science 
should become a faceless discipline taught from 
the context of other disciplines. The point is not 
to isolate science from all other knowledge and 
vice-versa. Science instruction should be part of 
a total curriculum that reflects real life. Science 
can provide the context for intellectual develop- 
ment while offering well-developed mechanisms 
for students to perceive and comprehend the 
world around them. People who cannot under- 
stand events and lack problem-solving ability are 
likely to be less independent anc^ unable to con- 
trol their own lives. 

Pelia (1975) also believes that we must depart 
from the practice of teaching science to produce 
"big scientists and little scientists, rather than 
literate citizens.** Like Rusch, Pella suggests that 
scientific literacu as an educational aim cannot 
exist as a separate, single entity, but must be a 
component of a general literacy involving all aca- 



demic disciplines. Literacy in science is an ability 
to perceive and comprehend human and natural 
phenomena, but it should not represent the only 
interpretation. Pella o^ers four main functions of 
science in general literacy. 

1. The knowledge formulated as empirical and 
theoretical concepts, empirical laws, theoreti- 
cal laws and protocols of development may 
be filed as a library to which one may point as 
existing (i.e., knowledge for the sake of knowl- 
edge). 

This library of science can now 

2. function in explaining natural objects and 
phenomena; 

3. function in predicting natural structures and 
phenomena; 

4. be applied technologically. 

Finally Pella offers 15 characteristics of a scientific 
cally literate citizen. 

A literate citizen should be 

1. able to communicate with other citizens of 
the world knowledge and ideas about natu- 
ral objects and phenomena. 

2. able to communicate with other citizens of 
the world about the use or control of natural 
objects and forces. 

3. able to use empirical concepts and laws in 
his or her constant adjustment to the en- 
vironment. 

4. able to explain events in the environment in 
a rational manner. 

5. able to predict events in the environment in 
a rational manner. 

6. able to read accounts of developments by 
the scientific community. 

7. aware of how empirical concepts and laws 
come into being. 

8. aware of the difference between theoretical 
and empirical concepts and laws. 

9. able to use theoretical laws in unifying em- 
pirical laws. 

10, '*ware of how theoretical concepts and laws 
come into being. 



16 



16 



11. aware that knowledse developed in the sci- 
entific community is probable rather than 
absolute. 

12. aware that theoretical and empirical laws 
may he descriptive, comparative or quanti- 
tative. 

13. able to translate experience of the natural 
world into knowledge. 

14. aware of the scientifically accepted regula- 
tory principles employed in the generation 
and application of empirical and theoretical 
knowledge. 

15. awajre that science is concerned with the 
empirical universe. 

The science curriculum that produces such citi- 
zens requires years of careful planning and de- 
velopment. It is unlikely that, in the absence of a 
sound K-8 science curriculum, most secondary 
students will achieve science literacy. It would be 
difficult to depart from the time-tested science 
curriculum in hopes of devising new arrange- 
ments that would assure science literacy. The 
development of a scientifically literate citizenry 
should start in kindergarten rather than the ninth 
grade. The basic processes for K-12 curriculum 
planning and development are presented in this 
chapter and may be used to guide that develop- 
ment. 



1. Understanding that the nature of science is 
all of the following. 



of 

Scientific Literacy 

Science represents a comprehensive view of the 
world and dependence upon scientific knowledge 
increases as technology advances. Science con- 
tributes to the general welfare of humanity and 
has had a significant impact upon the human 
condition. 

Scientific literacy, then, is the goal of general 
science education. Yet seldom is the term scien* 
tific literacy defined. Dr. Victor Showalter of the 
Federation of Unified Science sees seven dimen- 
sions in scientific literacy and has identified fac- 
tors within each to give the term meaning. 



4. 



Tentative 
Replicable 
Humanistic 
Historic 



Unique 
Holistic 
Public 
Empirical 



Applying scientific concepts, principles and 
laws including the following. 

Cause-effect Interaction 

Energy-matter Perception 

Time-space Symmetry 

Change Equilibrium 

Evolution System 

Using the following scientific processes in solv- 
ing problems and making decisions. 

Classifying 
Communicating 
Controlling variables 
Defining operationally 
Interpreting data 
Measuring 
Using numbers 

Using space/time relationships 
Designing experiments 
Formulating n^odels 
Hypothesizing 
Inferring 
Observing 
Predicting 
Questioning 

Interacting in constant ways with the follow- 
ing values underlying science 

Longing to know and understand 
Questioning of all things 
Search for data aiA its meaning 
Demand for verification 
Respect for logic 
Consideration of premises 
Consideration of consequences 

5. Appreciating the interaction of science, tech- 
nology and society. 

Recognizing the distinction between, the over- 
lap of and the dependence upon science and 
technology 

Scientific thought and knowledge is objective 
but can be used to support different positions 
in response to specific problems 

Impact of scientific and technological devel- 
opments upon the individual's life 
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Public understanding gap 
Social influence on technology 

6. Internalizing an interest and appreciation for 
science and the universe. 

Having an interest in learning Participating in 
science 

Preferring scientific explanations 
Considering science as a vocation or hobby. 

7. Functionally manipulating scientific tools and 
instruments including the following. 

Timing devices Tape recorder 
Camera Graduated cylinder 

Meter stick Thermometer 
Balance 

Georgia educators have a unique opportunity to 
use Georgia Board of Education Policy IHF, Grad* 
uation Requirements, as a springboard into inno- 
vative and visionary curriculum development or 
revision. There are virtually no competencies 
where science instruction would be inappropri- 
ate or ineffective. 



The learner as defined by Policy IHF is expected 
to master basic skills in reading, writing, mathe« 
matics, speaking, listening and problem solving. 
A well-integrated secondary science curriculum 
will expedite mastery of all five basic skills and 
move toward Pella's general literacy of which 
science literacy is a part. 

The individual, citizen, producer and con* 
8umer are deprived when schools fail to inte* 
grate science and technology. Consider this defi- 
nitron of the role of secondary schools in Policy 
IHF. 

**The state board (of Education) defines as a 
major role of secondary schools the responsi- 
bilify for providing the youth of Georgia with 
opportunities to acquire and to apply basic 
skills necessary for contemporary adult life. 
Such skills are defined as those skills which 
enable one to address effectively and efficiently 
the decisions and opportunities presented in a 
technological urban, jree society ^ 

There can be little doubt that this would be impos- 
sible without a sound science curriculum. 
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Chapter II 



The Science 
Teaching Process 



Integration of 

Instructional 

Metiiodology 

The key to integrating instructional methodol* 
ogy in science is identifying content that lends 
itself to multiple approaches and is conceptually 
complex. Thus it can be considered from differ- 
ent perspectives and on several levels simulta* 
neously to allow for student differences in interest, 
learning style and ability. 

Integrated methodology requires integrated con* 
tent. As an example, students studying physical 
science are asked how a self-sustaining space 
colony for 100,000 people can be designed tak* 
ing into consideration social, psychological, 
economic, physical and biological factors. The 
assignment is interdisciplinary and purposely 
open to varied interpretations. Any of the instruc* 
tional methods to be discussed would yield signifi- 
cant results. 

Similar problems abound in all areas of science. 
In general, such problems are broadly suggested 
by scientists and scholars, but the questions lead 
to practical science. In biology many problems 
can be viewed from the perspective of the unify* 
ing theory of organic evolution. In chemistry the 
concept of entropy cuts across a broad range of 
topics, and in physics the rapidly changing study 
of elementary particles suggests connections that 
arouse students' intellectual curiosity and stimu- 
late their creativity. Finally, the study of the his* 
tory and philosophy of science lends itself to a 
multifaceted instructional approach. 

Before students can identify valid and significant 



scientific problems, they must be introduced to a 
body of scientific knowledge. They must be taught 
content through some combination of teacher- 
directed activities (lecture, discussion, films) and 
reading. Recalling and comprehending lads are 
necessary to deal intelligently with new situations. 
In addition to content background, students must 
acquire research skills. Both of these can be 
taught early in the science curriculum and later 
in a more complicated form — the spiral curricu- 
lum. Emphasis on process (experimentation, 
prediction, control) should continue from the ele- 
mentary into the secondary school level, but with 
increasing integration with high level content. 

Problems in science are solved through experi* 
mental research. Therefore research, both ex- 
perimental and descriptive, belongs in the sci* 
ence curriculum. Students should be expected to 
conduct descriptive studies of significant prob- 
lems and to design and implement experimental 
research projects for class credit (and perhaps 
for science fairs as well). A library research paper 
requires skills such as selecting a problem with 
some scientific sigiiificance; locating up-to-date 
references; abstracting key concepts from science 
magazines, articles and books; and writing a 
report using an accepted scientific style. These 
research skills can be taught through individual, 
group or class activities. The paper is the end 
product, but the means are important. 

An experimental research project requires all of 
the skills outlined above as well as knowledge of 
experimental design, prediction, acquiring or 
building apparatus and statistical analysis. A stu- 
dent who produces a truly experimental project 
will be doing exactly what practicing scientists 
do. Some independent or class study of statistics 
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is an integral part of developing experiments and 
is useful for the interpretation of experimental 
research in various publications. One of the hard- 
est aspects of project conception and implemen- 
tation is designing true experiments — hypothesis, 
experimental versus control group, dependent and 
independent variables, and deciding whether to 
accept or reject the hypothesis. Here is an experi- 
mental topic consistent with the larger space col- 
ony question posed earlier. What are the effects 
of overcrowding to mealworms? This is a prob- 
lem in population biology that might lend itself 
to a predictive computer model. 

Laboratory experiences should provide stu- 
dents with increasingly real experimental situa- 
tions. Activities should provide enough informa- 
tion and technique to carry out the experiment, 
but the results should not be known in advance. 
Laboratories should be open-ended. A labora- 
tory related to the space colony problem involves 
setting up a closed oxygen-carbon dioxide sys- 
tem using plants and animals. Students should 
compare experimental results during structured 
sessions in which validity, reliability, technique 
and data reporting are discussed. Students may 
fail in an experimental set up, but they should 
lecoup some value in the form of improved tech- 
nique and control. The significance of negative 
results should be explained. 

The use of the computer in science classes is 
becoming increasingly feasible with the advent 
of inexpensive hardware and software. Students 
can profit enormously fron the computer's capac- 
ity for simulation and model manipulation. Com- 
puter-assisted instruction is a powerful tool for 
individualizing the science class, but the poten- 
tial for student produced programming is limited 
because of the high entry skills requirement. This 
is not to say that computers cannot be put to use 
for analyzing experimental results, however, 
because extremely flexible statistics programs are 
readily available in basic computer language. 

Independent study may be made available to 
some science students. It is an approach in which 
research and experimentation can be conducted 
with minimal teacher intervention. However, stu- 
dent motivation, preparation, maturity and past 
learning are factors that will affect the success of 
an independent study program. Motivation is the 
most critical factor, but school and community 
resources can greatly enhance or hamper an inde* 
pendent study. Independent study is best inte- 



grated with the whole science program by giving 
elective science credit to students involved in inde- 
pendent work. A student should have a specific 
idea of what she or he wishes to study and accom- 
plish and should be assigned to a faculty mem- 
ber whose background and personality are ap- 
propriate. 

Although the initial phase of an independent 
study may be exploratory, specific objectives 
should be met and specific products completed. 
These objectives and products can be agreed upon 
using a contract against which a student's prog- 
ress mn^be measured. The student should be 
involved in the evaluation. Independent study on 
a short-term, limited basis can be a component 
of any class. The appropriateness of independent 
study for individual students is assessed by the 
teacher. 

Field studies involving individual students or 
groups provide immediate hands-on experience. 
Most scientific disciplines can be approached 
using this method — animal behavior in biology, 
energy flow in ar old field in ecology, litter con- 
trol in psycholo; . , solar flare frequenc * in astron- 
omy, and passive solar energy in physics. Field 
studies are highly motivating as well as signifi- 
cant in applied science. 

Small-group work is an important part of sci- 
entific training since most scientists do not work 
alone. As groups prepare for presentations, they 
are required to select a leader, to identify specific 
aspects of a problem, to delegate responsibility, 
to insure the completion of tasks and to integrate 
disparate views and conflicting information. 
Groups may also be required to develop and pre- 
sent a coherent program. 

Two areas in which small group work is appropri- 
ate are simulation and debate. Debates provide 
an opportunity for students to explore the ethical 
ambiguity of some scientific research. They also 
involve discussion of science in the larger frame- 
work of society. Simulations involving role- 
playing are especially valuable in the behavioral 
sciences. Simulations promote affective involve- 
ment. 

It is always possible to bring to the classroom 
individuals who have made contributions to 
science. This can be done via videotape, but is 
a stronger teaching tool when the scientist is 
present in person. Another method of involving 
local scientists is in recruiting them as part of 
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a mentor network, that is, as resource persons for 
particular students with intense interests and high 
motivation. Students who observe and work with 
practicing scientists invariably experience an am- 
plification of their own interest and commitment 
to pursuing science as a career. The mentor net- 
work also cements school-community relation- 
ships. 

A flexible science program is individualized within 
given classes, but its greatest flexibility should 
be as a whole program. Not only is curriculum 
carefully integrated, but students and teachers 
are also given options in their selection of ap- 
propriate problems and methods of attack. Far- 
reaching, broad spectrum problems lend them- 
selves to variable approaches. The classroom and 
the laboratory are often one and the same, but 
space should be set aside for independent work 
(study carrels). Provision should be made for 
students to work in small groups at tables; and 
materials for student productions should be avail- 
able. The degree of teacher direction may de- 
crease through time, but the teacher's role is 
flexible. 

Teaching Scientifically 
Talented 

Consensus about a definition for the scientifically 
talented is difficult to achieve. Professional edu- 
cators and practicing scientists disagree about 
what constitutes scientific talent. The former 
address such factors as past learning, potential 
and aptitude. The latter stress more operational 
criteria such as the ability to perform or conduct 
scientific research. Therefore, a scientifically tal- 
ented student may be viewed as an individual 
whose potential as a high-level solver of scien- 
tific problems qualifies her or him for some spe- 
cial treatment which enhances abilities and maxi- 
mizes achievement. Inherent in this is the as- 
sumption of superior verbal and mathematical 
ability. 

Classroom considerations for the scientifically tal- 
ented are complex. Should the student learn the 
greatest amount of scientific knowledge in the 
shortest period of time, or should the student 
train for eventual performance of scientific re- 
search? No single approach is adequate for teach- 
ing the scientifically talented. 



Essentially three avenues are open to the teacher 
of the scientifically talented. One accelerates the 
curriculum to provide more content per unit of 
time; another develops enrichment activities to 
lift the student beyond the day-to-day progress of 
a regular science class, and the third rethinks 
the science curriculum to provide a broader, more 
integrated, more powerful model of what science 
is and does. Clearly, these routes are related. 
None of the routes alone is sufficient to bring the 
scientifically talented student to the realization 
of her or his potential. Such students are capa- 
ble of learning science fact both rapidly and 
thoroughly, that is, with understanding. Equally, 
they respond willingly and with alacrity to enrich- 
ment of the science curriculum. It is in rethink- 
ing the curriculum, however, that the teacher 
can provide the powerful, unifying picture in 
science — a mixture of philosophy of science, sci- 
ence progress and science fact. 

If the science teacher is to take advantage of and 
further develop the high-level cognitive abilities 
of the best students, content must be presented 
as highly integrated and interdependent. Students 
should be asked to derive key concepts and con- 
nections wherever possible, but, failing in this, 
they can profit from the teacher's providing them 
with these high-level connections. Content must 
include the methodology of model formation as 
well as those powerful models of the past upon 
which science is constructed. Techniques for 
problem solving are an important component of 
the science curriculum. 

The facts of science provide students with the 
material upon which to use their abilities of syn- 
thesis and analysis, and presentation of factual 
material forms the first part of any science course. 
This content should be up-to-date and presented 
in a rigorous rather than over-simplified manner. 
The scientifically talented student has the capac- 
ity for grasping complex phenomena and con- 
cepts such as statistical probability and cyber- 
netics. As early as possible, students should be 
exposed to professional scientific literature. 

Science, at its highest conceptual levels, is inter- 
disciplinary. It is. therefore, important for stu- 
dents to be made aware of interrelations among 
science and other disciplines. The teacher may 
ask where cytology leaves off and biochemistry 
begins and how technology affects progress in 
both. Hybrid or blended sciences such as astro* 
physics and sociobiology set up problems of 
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ambiguity, th? resolutions of which stretch stu- 
dents* minds much farther than a unitary or spi- 
ral presentation. Discussior^ of social and moral 
implications of scientific research involves the 
affective domain and taxes the student's ability 
to deal with uncertainty. Science curricula must 
be integrated with a sound mathematics program 
in which students learn not only the how of 
mathematics but also the why. 

Research methodology is critical for the scientifi- 
cally talented. It is important for students to differ- 
entiate between experimental and descriptive 
research and to practice significant problems in 
both realms. Methods of locating references 
become a part of the curriculum. Students read 
widely within an area of interest; they select a 
problem which can be solved; they narrow the 
focus of the problem; they locate and abstract 
significant research; and they set about solving 
the problem. Skill in these initial facets of re- 
search can be developed through consistent, 
guided practice and through insistence on rigor 
and honesty. Furthermore, students should learn 
how to design an experiment; how to express 
and analyze data statistically (chi-square and 
t-tests of fit and significance) and how to report 
results in a formal paper. 

Laboratory activities provide hands-on exposure 
to the materials and techniques employed by 
scientists. They introduce or reinforce key con- 
cepts, and they develop scientific procedures such 
as hypothesis formation and testing and analyz- 
ing results. All of these are important and should 
be considered in developing the laboratory com- 
ponent of any science course. Laboratory activi- 
ties contribute to skills development and to 
learning. Good laboratory activities produce pro- 
ducts with a significant theoretical basis. Since 
they are both structured and open-ended, they 
approximate real scientific research. The devel- 
opment of useful laboratories is one of the most 
challenging aspects of science teaching. Teach- 
ers must avoid a cookbook approach without 
sacrificing structure. They should carefully con- 
sider the benefits of time spent in laboratory and 
activities. Is one week, for example, spent on frog 
dissection acceptable during the course of an 
otherwise largely theoretical biology class? 

History and philosophy of science also show the 
interrelatedness of disciplines in science. Students 
learn the roles of hard work perseverance and 
serendipity in science. The inseparability of 



science, scientist and society is stressed to show 
how science advances. The evolution from scien- 
tist as generalist to scientist as specialist is a 
consequence of the growth of scientific know!- 
edge. This can be taught within the framework 
of key personalities, although it should go beyond 
mere biography. What formative experiences did 
Pasteur have? What do Copernicus, Newton and 
Einstein have in common? Philosophy of science 
raises fundamental questions about the nature of 
scientific assumptions. Discussion of philosophy 
cuts to the heart of the process of change in 
science — is it evolutionary or revolutionary? To 
what extent is science embedded in the sociopol- 
itics of a given period? How do scientists identify 
significant problems? What are the social and 
ethical implications of scientific research in, for 
example, nuclear physics or molecular genetics? 
In philosophy of science the historical perspec- 
tive is reinforced, but the student also sees the 
relativistic nature of science and its possible 
future. Frontiers in microbiology and particle 
physics excite students because of the immedi- 
acy of these areas. Philosophy of science, in gen* 
eral is an essential framing device for the science 
curriculum as a whole. 

Teaching the scientifically talented must be as 
multifaceted as is the content. Teaching strate- 
gies include lectures, readings, discussions, lab- 
oratories, field trips, a field approach, use of 
mentors, use of students as elementary tutors 
and research projects. Lectures are the most 
parsimonious method of presenting content. 
Beneficial side-effects include the improvement 
of listening and note-taking skills. Readings usu- 
ally begin with a textbook but should not be 
restricted to it. Supplementary readings provide 
depth and breadth. Discussion is valuable as a 
follow-up activity for laboratories and readings, 
but also for more formal activities such as group 
presentations. The teacher's role in discussion is 
Socratic and requires that questions be redirected 
with other questions. Laboratories promote the 
acquisition of real scientific skills and reinforce 
experimental research capabilities in students. 
Field trips should have specific objectives and 
should be preceded and followed by related con- 
tent and activities. Ecology and vertebrate zool- 
ogy may be enhanced by local, walking field trips, 
whereas a visit to a working electrical engineer- 
ing labori^tory may be of significance to the study 
of physics. The field approach uses descriptive 
research techniques and is adaptable to such sub- 
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jects as planetary motion in astronomy, energy 
flow for a pond ecosystem in biology, water anal- 
ysis in chemistry and erosion in geology. Many 
communities have practicing scientists and stu- 
dents with extraordinary interest and aptitude 
profit enormously from exposure to the actual 
practice of science. The teacher's role is to act as 
a go-between, to recruit scientists and to arrange 
meetings between mentor and student. Finally, 
secondary science students can serve as tutors 
(mentors) for elementary students. All that is 
required is a commitment on the part of the stu- 
dent and some flexibility within the secondary 
science program. 

Activities for the scientifically talented include 
making models for specific concepts or problems, 
for example, computer models in population 
biology; simulating such things as stream flow 
and wave action; experiments, analyzing and 
reporting the results, writing the report using 
accepted scientific style; developing descriptive 
methodology in, for example, animal behavior 
or qualitative analysis in chemistry; abstracting 
scientific papers; and completing specific projects 
in areas of high interest. 

Teaching the scientifically talented requires that 
the teacher the scientifically talented requires that 
dents who have well-developed interests and 
learning and, at the same time, maintaining rigor 
and integration while teaching new content. Of 
greatest importance is flexibility in both content 
and method. Science curriculum can be viewed 
as training for future scientists, but the broad 
social perspective should be maintair.ed. 

Science and the 
Handicapped Learner 

Handicapped learners include the entire range of 
special education students, the mentally retarded* 
physically handicapped, visually impaired and 
hearing impaired as well as students with emo- 
tional or behavioral problems and those who are 
learning disabled. 

In most school systems the current practice is to 
mainstream as many of these students as possi- 
ble following the "least restrictive environment" 
directive of PL 94-142. As with any special young- 
ster, it is important for the science teacher to 



approach these students with a positive attitude 
and high expectation. Provided the proper sup- 
port and effective strategies, these young people 
can learn science, and many of them can pursue 
science*related careers. 

A number of myths still exist about the capacity 
of handicapped students to perform. They con- 
tinue to be perpetuated and they need debunking 
at the outset. 

1 • Special students need to know the ba* 
sicSf therefore^ science sitould not be a 
high priority. 

FALSE. Science is a basic. One only learns 
to read and write about the environment, but 
science is essential to explaining the environ- 
ment. Handicapped students are often denied 
those hands-on science experiences which 
would help them in reading and communi- 
cation. 

2. Handicapped students are more vulner- 
able to injury than ordinary students. 

FALSE. There are no statistics which show 
an^ correlation between physical injury and 
the handicapped. 

3. Scienve is simply too hard for handi* 
capped students. If their handicap is physi- 
cal, they lack certain skills; if mental, they 
cannot understand concepts. 

FALSE again. There are thousands of handi- 
capped people in the world who are scientists, 
doctors, marine biologists, chemists or geolo- 
gists. All of them overcame barriers. Taught 
properly, handicapped students can enjoy 
more success in science than elsewhere in 
the curriculum because there are numerous 
multisensory activities. 

4. Handicapped students in a regular 
class will hold others back. 

FALSE. The teacher sets the pace for the 
science class and laboratory. Careful pairing 
of a handicapped student with a nonhandi- 
capped student will enable the teacher to 
share some of the responsibility. Numerous 
services exist for helping these youngsters 
learn. 

5. It requires special equipment and spe- 
cial training to teach science to handi- 
capped children. 

FALSE. Successful handicapped students 
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report that the most important characteristic 
of their science teacher was the enthusiasm 
exhibited by the teacher willing to listen and 
help. In most schools resource people are 
available to work with regular classroom 
teachers to better meet the needs of special 
students, particularly the mentally retarded 
and the learning disabled. 

Strategies for the 
Physically 

Handicapped Student 

Barrier*free additions to school buildings have 
made it possible for orthopedically handicapped 
students and others with physical handicaps to 
attend regular classes. For a student confined to 
a wheelchair, laboratory materials might have 
to be made more accessible. Perhaps a low table 
could be added to the laboratory and a support- 
ive student assigned as a lab partner to the handi- 
capped student. For students with cerebral palsy 
and other conditions which make writing difficult, 
typewriters have been used successfully for note 
taking, writing lab reports and preparing term 
papers. An inexpensive cassette tape player could 
be used for taking notes. In classrooms where 
laboratory work is a large part of the course, 
computer simulation of the lab could be written 
for the more physically difficult laboratory exer- 
cises. 

Many of these same strategies could be used for 
students who are visually handicapped or hear- 
ing impaired. The entire lesson could be put on a 
microcomputer for a hearing impaired youngster, 
if this equipment is available in the school district. 
Special education resource people should be able 
to help secure these services. 

Visually impaired students in science could be 
helped by large print books which are available 
for the student with partial vision, by cassette 
tapes, raised-line drawings or simulated models. 

The following is an example of how a unit on the 
circulatory system in biology could be taught to 
a visually impaired student. 

1. Students can be given raised-line drawings of 
the heart and the pathway of blood flow 
through the body. 



2. A cow heart can be dissected with students 
examining and identifying the various cavi- 
ties and valves. 

3. Tapes of normal human heart sounds can be 
played and compared with tapes of abnormal 
hearts. 

4. Students can determine their own pulse rates 
and blood pressures using stethoscopes and 
sphygmomanometers. 

5. Human heart models can be used for review. 

A lesson in chemistry could be done using tapes, 
raised-line drawing to demonstrate bonding, 
small clay balls and toothpicks to represent atoms 
and electrons, molecular model kits. One instruc* 
tor in California (Cooperman, 1980) uses taste to 
demonstrate diffusion and a tactual approach to 
osmosis and filtration. 



Strategies for the 
Mentally or Emotionally 
Handicapped Student 

The learning disabled (LD) and 
behavior disordered (BD). 

Some students may be behavior disordered or 
emotionally handicapped and some may have 
one or more learning disabilities. In many cases 
an emotional component is preser : with the learn* 
ing disability. When these youngsters cannot func* 
tion in a mainstreamed class the only alternative 
may be to drop the class. In some systems sci- 
ence departments seem unwilling to deal with 
these students. A special education resource staff 
and a caring science department can combine 
efforts to give these students an opportunity to 
master required science courses in high school. 

It should be pointed out that regular teachers 
must have some background in learning disor- 
ders and emotional handicaps. The special edu- 
cation course mandated by H.B. 601 now insures 
some knowledge in both areas. The learning dis- 
ability is usually described as a perceptual disor- 
der and is presumably caused by a neurological 
dysfunction which may result in a variety of learn- 
ing problems. The primary disability may be an 
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inability to perceive directions, poor figure-ground 
distinction (visual or sound), inability to under- 
stand verbal or written directions, poor eye-hand 
coordination, extreme distractibility, hyperactiv- 
ity. In the high school science student, these are 
often manifested in reading, general comprehen- 
sion, mathematics and science difficulties. 

Behavior disorders may accompany learning 
disabilities. Because these students may have 
repeatedly failed in school, they may be hostile 
and refuse to complete work, or thtiy may seek or 
demand attention. Students who are LD or BD 
may po^^sess average or above average intelli- 
gence. They may be gifted — which adds to their 
frustration. 

A science teacher who is successful with these 
students needs to have the ability to communi- 
cate with them emotionally as well as intellec- 
tually. 

The science department at Alhambra High School 
in Phoenix, Arizona, (Slavin, 1979) set up a biol- 
ogy course specifically for LD and BD students. 
A number of specific problems were identified 
which science teachers are most likely to encoun- 
ter with these students. They are as follows. 

1. Learning disabled students are unable to han- 
dle an unstructured situation. They are not 
self-starters and cannot discipline themselves 
to accomplish a given amount of work each 
day. 

2. LD students cannot set long-term goals. They 
are not capable of visualizing a unit of several 
weeks and working for a cumulative number 
of points. Even when a unit is broken down 
into weekly segments, some of these students 
still have difficulty pursuing a goal. 

3. With conversation and activities going on 
around them. LD students are easily distracted. 
Consequently, they remain unable to attend to 
their own work. Their attention span is short, 
and they usually display varying degrees of 
either hyperactivity or lethargy. 

4. LD students are unable to follow extended 
directions. This inability coupled with poor 
reading skills makes laboratory work difficult. 
Unless the instructions are read and followed 
with each student in a step-by-step fashion, 
or a teacher works with small groups of four 
or less, many students do not complete their 
labs. 



5. LD students need individual attention. Most 
of them will work If a teacher or resource 
person is helping thom, but they become frus- 
trated or distracted and cease working with- 
out this attention. 

6. The poor verbal ability of some LD students 
makes it difficult for them to communicate 
information they have learned. They cannot 
write necessary reports. Many are capable of 
an oral report, but this requires even more 
teacher time which, unfortunately, is not 
always available. 

7. Many LD students have poor self-images. They 
do not see themselves as capable of doing 
correct work and thus become discouraged 
more easily than the average student. Pos- 
sessing a low frustration tolerance, these stu- 
dents tend to give up or copy other student's 
work. LD students require constant reassur- 
ance with immediate rewards. 

8. Many LD students have poor social skills and 
an inability to work cooperatively. Therefore, 
they reinforce each other in their acting-out 
behavior, outwardly manifesting their frustra- 
tions and hostilities. 

9. Many LD students have difficulty making 
choices. When they must select one of a num- 
ber of activities, they become confused and 
frequently make no choice at all. 

Strategies which proved to be successful with 
LD and BD students include the following. 

1. Carefully structured laboratories (A specific 
example designed for biology follows.) 

2. Films, videotapes, filmstrips 

3. Games, such as the "Teams. Games Tourna- 
ments*' concept 

4. Field trips 

An example of biology laboratory for LD and BD 
students 

Title — Flies and Bacteria 

Problem — Do flies and other insects carry 
bacteria? 

Materials 

Two sterile petri plates with Soy Tryptir Agar 
Few grains of sugar 
Two flies or roaches, ants. etc. (alive) 
Colony counter 
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Procedure 

a. Open one petri plate, Plate I, just wide enough 
to put in one fly. Close top and allow fly to 
walk around on the surface of the agar. 

b. Remove fly; put fly on second plate, Plate II, 
to which you have added a couple of grains of 

' sugar. Try to get the fly to eat some of the 
sugar. 

c. Remove fly, invert plates and put plates la* 
belled with your name and period into the 
cabinet to incubate for 24 to 48 hours. 

d. Remove plates ftom cabinet and place on the 
viewer. 

e. Observe agar surface for bacteria colonies. 
Note number, color, size, etc. 

Discussion 

a. How many distinct colonies do you find? Why 
( are these difficult to count? 

i^How many different kinds of colonies do you 
[jSEjkaye? Are you sure? Give a way to check. 

c^ M^a be any differences between Plate I and 
PiMh.^c:' 

d. Do you have any evidence that bacteria were 
on the fly's feet? If so, what? 

e. Do you have any evidence that flies spread 
bacteria when feeding? If so, what? 

f. How do you know the bacteria didn't entei fhe 
plates firom the air? 

Conclusion 

Did this lab solve the problem "Do flies and other 
insects carry bacteria?" 

Comment by summarizing what you have learned. 
From The Biology Teacher. March. 1979. 

The menially retarded student and 
the slow student 

T!*e only difference between these categories may 
be a five or so point difference in an IQ score. 
One youngster may qualify for special education 
program and another with a slightly higher score 
would not. Both students may present a chal- 
lenge to a science teacher. 

Many of these problems also characterize some 
EMK (eriucable mentally retarded) and slow 
students. These students have also experienced 



failure and may be turned off to school in general. 
Science experiences are important for these 
students. Teachers working with these special 
youngsters soon learn that ihc most basic, the 
most concrete terms, must be used with them. 
Abstract ct>ncepts should be avoided. 

Plant study or horticulture can lend itself well to 
teaching special students. Students need not 
understand the carbon transfer mechanism in 
photosynthesis to be able to plant and care for a 
garden. Visuals can be used to demonstrate plants 
dying because of lack of sun or water. Seeds can 
be studied and seed dispersal demonstrated by 
allowing students to see which seeds float in 
water, stick to clothes or fly in the air. 

Special students can study insects and animals, 
rocks and other areas of science in which there 
are a number of possible activities. 

All youngsters are interested in their bodies and 
special education students should be instructed 
in hygiene, proper nutrition, exercise, drug abuse 
and other health topics. For these students, 
health instruction may indeed ihvolve survival 
skills as measured by the High School Improve- 
ment competencies. 

It seems clear that with EMR and slow-achieving 
students, more of the same is not enough. Teach- 
ers must search for new strategies to involve these 
students in science if it is to be meaningful to 
their lives. 

Although it is much easier to insist that handi- 
capped youngsters do not belong in our class* 
rooms — to think of them as deaf, blind, disturbed, 
crippled or retarded and thus take no responsibil- 
ity for them — ^as science educators we cannot do 
that. Science may be the most important study 
in life. Science teachers must ensure that scien- 
tific knowledge is available to all students. 

Science for the Handicapped Association 
(SHA), is an affiliate of the National Science 
Teachers Association. Membership in SHA is $2 
per year and includes the newsletters and exten- 
sive ERIC bibliographies. If interested, write 

Ben Thompson. Science 
SSS200 

University of Wisconsin — Eau Claire 
Eau Claire, Wisconsin 54701 
(715) 836-4164 

Dr. Kenneth Ricker at the University of Georgia 
is a SHA officer and has authored a number of 
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publications on teaching science to the handi- 
capped. 

Below are some resources listed in a recent SHA 
newsletter. 

1 . Science for the Handicapped • An Anno- 
tated Bibliography. ERIC, 1200 Chambers 
Road, Thir4 Floor, Columbus, Ohio 43212. 

2. Jefferson County Schools in Lakewood, Col- 
orado, are developing ''Parallel Science Ma- 
terials**, a project for mainstreaming LD, slow 
learners and other handicapped youngsters 
into the regular science program. Write Mar- 
garet Barkey, Jefferson County Public Schools, 
809 Quail Street, Lakewood, Colorado, 80215 
for details. 

3. S AVI (Science Activities for the Visually Handi- 
capped) is available through Ideal School Sup- 



ply Company, 1 1000 S, Lavergne Avenue, Oak 
Lawn, IHinois 60453. 

These are modular programs and some can 
be used with orthopedically handicapped and 
LD youngsters as well as the visually handi* 
capped. 

4. Search J ^ Solutions the film series spon- 
sored by Phillips Petroleum Company, shows 
a number of present day handicapped scien- 
tists at work. For information on the free film, 
write 

Search for Solutions 
The JN Company 
P.O. Box 388 

Woodbury, New York 11797 
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Chapter III 



Managing the 
Science 
Curriculum 



In an age of constant technological and scientific 
growth and development, the science supervisor's 
or coordinator's job has become increasingly 
more difficuh. Curriculum management and 
improvement require supervisors and teachers 
to be intelligent consumers of research. The 
amount of scientific and educational research and 
development under way is almost immeasurable. 
Managing the science curriculum is a difficult 
task of constantly adding and deleting informa- 
tion needed to produce scientifically literate 
students. 

Programs change daily and the educational 
approaches introduced to teaching science seem 
endless. Many of the national curriculum pro* 
grams encourage inquiry and a hands-on labora- 
tory approach to teaching science while many 
traditional programs rely heavily on lecture. It 
can be disasterous to a science program if the 
teacher has been trained in one method and the 
science curriculum moves to the other. Science 
teachers need a good background in all methods 
of instruction. 

Science needs to be presented as inquiry and 
investigation. The scientific method becomes 
activity oriented rather than fart oriented. The 
scientific method should teach an ordered pro- 
cess for getting a job done rather than a cook- 
book solution to be followed in all circumstances. 
Students develop alternate ways of looking at 
common things. If the science curriculum is to 
provide learners with a realistic view of science, 
it should provide opportunities and active sup- 
port for comprehension and application of basic 
skills. 



Science then can be many things to the learner. 
It can be a combination of applied inquiry skills 
and a predisposition to view different things from 
unusual prospectives. It is a generalized collec- 
tion of behavior, understanding and attitude 
rather than a group of academic disciplines with 
scientific names. 

Science needs to be revitalized in the school 
curriculum. Science in the elementary school is 
sometimes overlooked. This results in apathetic 
science students at the secondary level. 

This publication is designed to help the science 
manager work with curriculum development and 
become aware of potential problems. Since the 
curriculum involves everything needed to pro- 
vide for the education of students, the possibility 
for problems seems almost endless. This publica- 
tion should serve as a source of information for 
solutions to problems and for development of new 
ideas. 



Role of 
Curriculum Leaders 



The role of the manager of the total science cur- 
riculum seems to go tiirough a constant evalua- 
tion. The titles given to tiiese positions change 
from supervisors to coordinators to evaluators or 
to managers almost yearly. Tiie solution to the 
problem, however, does not lie with titles. Names 
are not as important as the question of organiza- 
tion and roles. 
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The power of the supervisor or coordmator^^^ a 
force for curriculum change has steadily dimin- 
ished. Forces outside the education system con- 
tinue to leave the supervisor or coordinator as a 
curriculum expert on the sidelines. The reasons 
for this can be many, and the science coordina- 
tor may even encourage this exclusion. 

Generally, the science supervisor or coordinator 
is preoccupied with teaching and stays away from 
curriculum development. This can be a matter of 
choice or due to inadequate preparation. When 
untrained to perform a function, a person gener- 
ally does not sec it as a role. Since most science 
supervisors or coordinators were teachers, their 
experiences lie in instruction and not in curricu- 
lum development. 

Present preparation programs in curriculum are 
weak and inconsistent. In many institutions super- 
vision is in the department of education adminis- 
tration, and the program is likely to stress teacher 
evaluation and quality control. Some accredited 
programs require only one course in curriculum 
development. When supervision is in a depart- 
ment of curriculum and instruction, curriculum 
planning, assisting teachers and in-service train- 
ing are usually stressed. 

Some educators believe those in supervision 
should not be involved with curriculum develop- 
ment but limit their energies to the improvement 
of classroom instruction. For our purpose, super- 
vision and coordination will involve both curricu- 
lum development and improving teacher effec- 
tiveness. The role of the curriculum leader should 
be to translate theory into practice and to con- 
tribute to theory development. 

Structuring the 
Secondary Science 
Curriculum 

Many changes have occurred in education dur- 
ing the last few decades, some excellent, others 
questionable. The science curriculum seems to 
have been exposed to some questionable changes. 

Where definite lines were once drawn for courses 
in pure science such as biology, chemistry, phy- 
sics, there now is a trend toward more special- 
ized high school courses. The quarter system 



introduced the idea of courses in human biology^ 
vertebrate zoology, invertebrate zoology, genetics, 
organic chemistry, force and motion, mechanics 
and others. On the surface this seemed good. 
Teachers and students were usually concentrat- 
ing on a specific topic area they both enjoyed. 
The problems surface with the realization that 
students complete their required science with a 
limited science background. They may know 
everything about astronomy and geology but vir- 
tually nothing about biology and oceanography. 

Back to basics is often heard in education 
circles. If the educator is a little more positive in 
approach, he or she may express this idea as 
''forward with fundamentals." Whichever way it is 
stated, the meaning for science educators is clear. 
Students need to experience a good, solid general 
science program at the secondary level. One way 
of assuring that students are not graduated with- 
out a good science background is to have a well- 
written and well-organized curriculum guide that 
includes scope and sequence. If teachers are left 
to teach without a roadmap to follow, it is unlikely 
they will ever reach the goals set down. 

With this in mind, the science administrator 
should begin to tack[e the development of a 
meaningful science curriculum. The science cur- 
riculum should be determined by student needs. 
Information, ideas and opinions concerning stu- 
dent needs should be solicited from teachers, 
administrators, parents and the community. Cur- 
riculum development is often a haphazard pro- 
cess with decisions made by impulse or rule of 
thumb or by whatever may be in vogue at a par* 
ticular time. A systematic needs assessment will 
help avoid this problem. 

A survey instrument usually worths best. A ran- 
dom population sample provides information 
from all parts of the community. The survey 
should be easy to read and have a simple method 
of replying to questions. A Leikert scale survey 
form can be used with space available for addi- 
tional comments. 

Student needs should be rated and objectives 
derived from them. These objectives should be- 
come part of either a long or short range plan. 
Some objectives may be reached in a year while 
others may require more time. 

Whether plans are long or short range, they need 
to follow the systems overall mission and have 
strategies for action. Changes begun without a 
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plan will be haphazard and doomed to failure. A 
written plan is essential to unified effort. 

A strategy for changing the curriculum should 
be developed and all teachers, administrators and 
professionals in the system should know the 
changes. People react better to change if it is not 
a surprise. Finances should be considered along 
with the resources available to implement a new 
science program. There should be adequate 
in-service for all who will be teaching the new 
science curriculum. Any new program has a bet- 
ter chance of succeeding with well-trained 
teachers. 

With eny new program teachers should have ini- 
tial training then periodic meetings to deal with 
problems. This procedure keeps teachers on the 
right track and makes it easier for them to ask 
important questions. 

When writing a curriculum guide, a definite for- 
mat should be included. The first and most obvi- 
ous entry for a curriculum guide would be the 
course name and computer number. The 
name of a course should be self-explanatory. The 
course number should also have meaning. A good 
plan to follow would have the digits in a course 
number give some information about the course. 
For example, the first digit of a number would 
signify the science department while the second 
digit identifies the grade level.* The third digit 
might indicate whether a course was remedial, 
basic, average or advanced, and the fourth digit 
might show the semester or quarter of a course. 
In 7102, seven would indicate the science de- 
partment, the one a ninth grade course, zero the 
remedial level and two the second semester or 
quarter. 

The next segment of the guide should be a short 
course description. This lets the reader know 
whether to read any farther. It also allows the 
teacher to describe the course briefly. 

Course objectives should then be listed. All 
course objectives should be matched with perfor- 
mance indicators. A teacher should know exactly 
how a student is expected to perform after the 
course has been taught. All course objectives and 
performance indicators should be keyed to com- 
petency-based education objectives. 

The curriculum guide should include a well- 
clarified scope and sequence. Often the terms 
curriculum guide and scope and sequence 



are confused. A scope and sequence lists the skills 
or objectives introduced, developed and reviewed 
at definite grade levels. A curriculum guide lists 
objectives and an outline for each course taught. 
The scope and sequence is like a large-scale map 
of a large area, while the curriculum guide acts 
as a small-scale map with more detail. An excel- 
lent reference to use when developing a scipnce 
scope and sequence continuum is the Essential 
Skiiis For Georgia Schobls. The format can 
aid in developing a local continuum. 

A curriculum guide should organize learning 
experiences. Students should have a good bal- 
ance of different learning experiences within the 
classroom. What they learn at one grade level 
should be built upon at the next. Teaching meth- 
ods should be varied and learning experiences 
outside the classroom should be encouraged. If 
the lecture is the only procedure ever used, ade- 
quate learning cannot be taking place. Labora- 
tory experiences, field trips, guest speakers and 
audiovisual materials all need to be listed as addi- 
tional activities and resources in a course guide. 
Many teachers are too busy to plan for these 
experiences, and a curriculum guide can be their 
tool. 

Every curriculum guide needs to be evaluated. 
The best way to assure meaningful evaluation is 
to build in an evaluation system. Teachers should 
annotate the guide, listing opinions, problems or 
successes with each part. It is important t.'iat the 
science supervisors or coordinators be visible and 
available when the guides are first being used. 
They should discuss the guide periodically with 
teachers. 

Corrective Feedback to 
Foster Creative 
Teaching 

Good teachers are not born but molded by teach- 
ing in a good educational system. Many teachers 
say they learned more during their first year of 
teaching than they learned in four years of col- 
lege. Classroom experience is necessary to de- 
velop a good teacher. Good teachers never stop 
learning. Thus staff development is essential in 
every school system. Educators need to under- 
stand the programs they are expected to teach. 
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This is especially important for science teachers 
I>ccau¥e IKe'stiB^ 

The science supervisor or coordinator should pro- 
vide meaningful staff development programs. 

Science teachers should be familiar with national 
curriculum projects such as BSCS, Chem Study, 
CBA and PSSC. These and other science curric* 
ula emphasize inquiry as a learning objective. 
Teaching inquiry processes demands the teach* 
ing of content inseparable from process. Many 
science teachers find this difficult since they are 
not familiar with the inquiry processes. They need 
to see inquiry as directed toward increased under- 
standing and application. This can sometimes 
puzzle the pure scientist. 

These national curriculum projects offer prob- 
lems for students to solve to increase understand- 
ing and application. Traditional teachers find this 
extremely difficult. There is no order of steps or 
classical scientific method to follow. Many times 
these programs fail because teachers were not 
prepared to teach them. 

Any change, whether it is a national curriculum 
project or not, is difficult to implement. A good 
communication system can help to smooth the 
way for change. People accept changes WtTer If 
they have a part in planning them. If a change is 
designed to help teachers make sound curricu- 
lum decisions and meet teachers* needs, staff 
development is important. 

Any staff development program should meet 
teacher needs. Becoming a good teacher is not 
an impossible task for most education college 
graduates, but sometimes help is needed. Staff 
development provides that help. 

Staff development ideas should be developed and 
suggested to the teachers on a survey form. Use 
community resources to help implement staff 
development programs, if a local college is avail* 
able, recruit professors as guest speakers or as 
resource persons. Community agencies such as 
the public health department, government agen- 
cies and laboratories, hospitals, the Red Cross, 
the American Cancer Society, the Georgia Lung 
Association and others help make the staff devel* 
opment classes more enjoyable and meaningful. 

The Georgia Department of Education has made 
a great step forward with Beginning Teacher 
Assessment. This instrument helps the teacher 



become the best possible educator during the 
first three ycary-ofteactiingi^Many suggest that- 
this instrument also be applied to veteran teachers. 
Many of our veteran teachers possibly could ben- 
efit from feedback to foster creative teaching. 

The state teacher testing program can be benefi- 
cial also. Screening out incompetent teachers 
early is not only good for the students but helpful 
to the teachers themselves. A recent state poll 
revealed that many teachers would not choose 
education as a profession if they had it to do 
again. This feeling does not benefit students or 
teachers. Better screening procedures used now 
may prevent similar problems in the future. 



Communication: 
Teaciier Supervision 
Contact 



Whether your system is located in a small, rural 
area or a heavily populated metropolis, a com- 
mon problem is the lack of communication. Good 
c o mmun i c ation 4s^ ^ot~ only im p o rt ant to 
proper execution of the science curriculum; it is 
essential to high teacher morale. No one likes to 
be the last to know. 

With proper planning good communication is 
possible. First, all science teachers should have 
a copy of the curriculum guide. It is difficult to 
hold someone responsible for teaching material 
if the outline is not available to them. It also is 
impossible for teachers to provide meaningful 
feedback concerning the science curriculum if 
they have never seen it. This feedback is essen* 
tial to the improvement of an existing science 
program. 

Once all teachers have been exposed to the cur- 
riculum guide, a system of contacts must be 
established so information can be disseminated 
and feedback received. The curriculum coordi* 
nating council is one useful system. 

The curriculum coordinating council usually con- 
sists of the science department heads of the sec- 
ondary schools. These department heads meet 
monthly with the science coordinator or supervi- 
sor to discuss information concerning the sci* 
ence program. At least one week before the meet- 
ing, the department head gathers with the teachers 
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in the department to discuss concerns. These con- 
I — cerns are writtennirthrforftrof tninuteyand for- 
warded to the science coordinator or supervisor. 
Solutions to problems mentioned in the minutes 
can then be established before the curriculum 
coordinating council meets. 

After the council meets, department heads should 
relate useful information to the principal and 
other department members. The minutes from 
each council meeting are forwarded to the Assis* 
tant Superintendent of Instruction. This formal 
procedure should succeed in keeping everyone 
informed and allow for teacher problems to be 
dealt with quickly. 

A normal month might be organized in the foN 
lowing manner. 

First week 

Department heads meet with members of their 
department and submit minutes to the coordina- 
tor or supervisor. 

Second week 

Department heads meet with coordinator to 
gather information and deal with problems. 

Third week 

Coordinator submits mintstes to Assistant Super- 
intendent and department Heads meet with prin- 
cipal to discuss new information. 

This cycle of sharing information will help teach- 
ers and administrators stay better informed. Peo- 
ple are more happy in a position if they have an 
understanding o^ what is happening. 

Curriculum Mapping as 
Communication 

Curriculum mapping is a '^^ystemized pattern of 
checking a teacher's progress through curricu- 
lum material during the school year. It helps the 
science coordinator or supervisor know how the 
curriculum material is being used, and it helps 
the teacher follow his or her own progress through 
the required material covered during each course. 

Curriculum mapping can be formal or informal. 
Formal mapping involves detailed paperwork and 
definite reporting dates. Informal mapping re- 
quires the science supervisor or coordinator to 
visit and not^ what material is being covered. 
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Subsequent visits should reveal how much ma- 
'tcriatcan^tre'covered. ~ " 

This information can be used for competency- 
based education development and provides infor- 
mation concerning the usefulness of the curricu- 
lum guide. For example, a guide written for a 
semester course that only contains materials for 
12 weeks needs to be rewritten. The same would 
be true if there was too much material to be 
covered in a limited amount of time. 

Curriculum mapping can also assure that com- 
petency-based education objectives are being met 
in all classes. Writing material in a curriculum 
guide does not assure that it will be used. Curric- 
ulum mapping insures that the guide is taught. 

How to Identify 
Excellence in Science 




The science supervisor or coordinator is responsi- 
ble for assuring^xcellence 4n teaciimgr A good 
interviewing system helps the science manager 
to secure good teachers. All science applicants 
should be interviewed by the science supervisor 
or coordinator as well as the principal and per- 
sonnel director. 

The first requirement of a science applicant 
should be knowledge of the subject. The state 
testing requirement for beginning teachers is one 
effective tool, but a good interview will usually 
identify the exceptionally gifted teachers. Of 
course, the teacher who views her or his function 
as simply surveying large quantities of informa- 
tion will not be justly serving students or science. 
Sciencp is more than content. It is a combination 
of content, process and values. A teacher gifted 
in content also must emphasize process and val- 
ues or science is not represented accurately. 

There are numerous teaching strategies used to 
move students from one learning level to the next. 
Of all methods, lecture is used most often and 
has the greatest number of disadvantages. The 
only advantage of lecture method is that it is a 
means of distributing a vast amount of knowledge. 
However, most students are not capable of assimi- 
lating this much information, and there is a defi- 
nite lack of student feedback. 
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When this procedure is modified to the lecture* 
discussibn lecFrilql^^^^^ 

nity to enter the process of inquiry. Class mem* 
bers participate actively and emphasis is placed 
on the manipulation of data and not simply the 
collection of data. Students become Involved with 
deductive thought processes which more accu* 
rately represent science. 

A third teaching strategy is the demonstration 
method. A demonstration is simply showing 
something to another person or group. The dem* 
onstration can be performed by the teacher or 
student. This generally gives students an opportu* 
nity to participate in group problem solving when 
the phenomena being tested is too expensive or 
dangerous for normal laboratory work. This strat* 
egy can result in only a few students becoming 
involved with the demonstration and even worse 
the teacher directing too much influence. Teacher 
problem solving takes place rather than student 
problem solving. 

Another possible strategy would be the labora* 
tory experience. This provides more concrete 
experiences and the students can manipulate 
objects. The st ident has the chance to discover 
the essence of science when designing and eval- 
uating laboratory experiments. Smce laboratory 
work is expensive and time consuming, it is not 
at all beneficial to the student if only detailed 
workbook directions are given. Laboratory work 
affords students an opportunity to discover and 
inquire. 

Field trips probably rank second to lecture in the 
extent to which they are abused. Many field trips 
have only entertainment value. The student par- 
ticipating in a field trip should realize exactly 
what is expected. Every field trip should have 
pretrip and trip follow-up materials for teacher 
use. 

Science projects and research reports are other 
strategies that a science teacher might use. Both 
of these emphasize individual effort which means 
student involvement determines success or failure. 
The teacher directs students through this oppor- 
tunity for self-discipline. This method is especially 
good for gifted students to pursue in depth areas 
of particular interest. This strategy does not favor 
students who have not developed independent 
study skills. 

The good teacher should incorporate all of these 
strategies into lessons. The content and students 



to be taught should be analyzed. The teacher 
fheh aefernfif^^^^ stu- 
dents demonstrate expected behavior, the strat* 
egy chosen was correct. 

If the students cannot demonstrate the expected 
behavior, the teacher evaluates the results and 
designs another strategy. This pattern of behav- 
ior and planning indicates an excellent science 
teacher. 



Equipment to Support 
Curriculum: Managing 
and Maintaining It 

Anyone who has ever been in a science class* 
room realizes there is a tremendous amount of 
equipment necessary to support the curriculum. 
It is extremely difficult to manage or maintain 
this equipment without a good inventory system. 

Inventories can be manual or computerized. The 
advantages to a computerized inventory are 
obvious, but it is not always possible to com- 
puterize. Inventory forms should be concise and 
easy to use. If inventories become too detailed, 
they can become cumbersome. It is not neces- 
sary to know how many test tubes each class- 
room or school has, but it is important to know 
how many microscopes, balance^^ lab sinks, gas 
jets and other nonexpendable pieces of equip- 
ment are in the laboratory. 

Compile a list of all materials which should be 
reported. Consider equipment that must be main- 
tained first. It is imperative to have an accurate 
count of materials to set up maintenance con- 
tracts. The next items to consider are those 
replaced on a regular basis. This information is 
ext! :mely useful for budget purposes. 

Science equipment is expensive to purchase and 
replace. Good maintenance helps to prolong the 
shelf*life of more delicate equipment. If an up-to- 
date equipment inventory is available, service 
contracts can be written for repairing and clean- 
ing microscopes, balances and other equipment 
which need periodic maintenance. Equipment 
should get preventive maintenance yearly. Using 
equipment without maintenance reduc<^s the 
length of usefulness. 
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All laboratories should have lab sinks, gas jets 
and electrical outlets in good iirorkingnorder. 
These should be checked periodically by school 
maintenance personnel or by an outside agency. 
Again, preventive maintenance can keep these 
in good working condition. Teachers should train 
students in the proper and safe use of the lab. 

Storing materials and equipment must be care* 
fully planned. If materials are stored in a central 
area, then distribution and transfer of equipment 
and materials are an essential part of the science 
supervisor's job. Even if materials and equipment 
are purchased and stored by individual schools, 
a system of priority ordering should exist and be 
monitored by the science department chairper- 
son. Include a priority ordering list for each course 
in the curriculum guide. 

Priority ordering is a system in which each course 
has a list of materials necessary to its proper 
execution. No other materials should be pur- 
chased until all of the essentials are available. 
This serves several purposes. First, it makes the 
best possible use of the money available for 
purchasing, and second, it helps eliminate im* 
pulse buying. Often we purchase for a teacher 
and not for a course. The teacher may leave and 
the equipment is not used by the next educator. 
Equipment purchases should be in line with 
course objectives and not necessarily with teacher 
requests. 



When equipment is ordered there are usually only 
two pathsrrolotloito: Either thepuf^^^ 
ment will put materials up for bid or follow a 
procedure of sole-source ordering. If the bid pro- 
cedure is followed, quality control is a must. A 
low bid item is of no benefit if it falls apart in a 
year's time. There must be an acceptable balance 
between reasonable costs and quality materials. It 
is essential that the science coordinator or super- 
visor work closely with the purchasing agent. 
Review all bids to assure that specifications are 
followed and follow through by examining mate- 
rials received. 

The second kind of inventory is the chemical 
inventory. A chemical inventory enables monitor* 
ing materials in the schools which may become 
depleted, and it helps to keep the safety inven- 
tory of dated chemicals current. Without an accu- 
rately dated inventory, chemical shelf-life is 
unknown and disposing of out*of-date chemicals 
becomes a guessing game. This procedure is not 
only expensive but dangerous. 

Preparing students for lab work is essential. 
Teaching basic lab techniques and first aid proce- 
dures will help students to react quickly in an 
emergency. The first day of any lab course should 
be devoted to reviewing safe lab procedures. 



Chapter JV 



Safety in Science 
Instruction 



The teacher is directly responsible for students' 
safety and it is unlikely that a court would trans- 
fer the responsibility of a student injury bom the 
teacher to the employer (board of education) or 
supervisor. Science teachers can avoid being held 
personally liable for accidents if reasonable 
care is exercised. This m6ans the science teacher 
must foresee possible dangers. The following infor- 
mation is taken from the third issue of the ERIC/ 
SMEAC information bulletin for 1980. 

What must be done by a 
science teacher to 
demonstrate 
reasonable care for 
student safety? 

As with many aspects of instruction, planning is 
important in establishing reasonable care. In 
planning teacher demonstrations or student ex- 
periments, examine each activity considering the 
educational merit versus hazard. Once hazards 
are identified, alert students to risks and make 
them aware of proper safety procedures. 

Courts have ruled that simply posting instruc- 
tions or rules is insufficient. To demonstrate rea- 
sonable care the teacher must remind students 
of general safety instructions and provide appro- 
priate specific instructions before each activity. 
The teacher cannot rely on general instructions 
given earlier. During the activity, the teacher's 
responsibility is to provide adequate supervision 
including the selection and use of designated 
chemicals. A teacher who must leave the room 



for a chemical or item of equipment may be open 
to charges of negligence. 

The concept of reasonable care also extends to 
activities such as field trips and independent stu- 
dent projects. In the case of field trips, a teacher 
should visit the site prior to the trip, determine 
possible hazards and forewarn students of haz- 
ards. General rules for safe conduct should be 
reviewed before the trip. Individual student proj- 
ects, whether for a classroom project or a sci- 
ence fair, should be thoroughly checked for 
safety. When planning projects, question students 
about safety precautions taken in working on pro- 
jects and any specific hazards that projects may 
pose. Any project which will be viewed by the 
public should be constructed so that observers 
are protected from possible accidents. 

Many teachers ask students to run errands both 
on and off school property. These students possi- 
bly would be considered agents of the teacher 
and liability for any damage caused by the stu- 
dents or injury to the students would be assessed 
on the teacher. This practice should, therefore, 
be avoided. 

What are some general 
safety procedures for 
the science laboratory? 

Conduct a periodic classroom inspection to iden- 
tify the location and condition of fire extin- 
guishers, first aid kits, showers and eyewash. 
General good housekeeping should be maintained 
including the proper storage of materials and 
equipment. 
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Be aware of proper accidentprpcedur^ fire_pre- 
cautions and evacuation routes. 

Be aware of federal, state and local regulations 
which relate to school safety. 

Make spill packages available, have metal con- 
tainers for the disposal of broken glass, and main- 
tain a sand-filled container for the disposal of 
matches. 

Be aware of the location of the main utility shut- 
off valves and switches for water, gas and elec- 
tricity. 

Maintain hazardous materials under lock and key 
at all times. Maintain only minimum amounts of 
chemicals in the classroom. Lock all laboratory 
and storage facilities when they are not under 
direct supervision. 

Properly label and date all reagent bottles. 

Guard against poisoning by providing adequate 
ventilation for volatile substances, by providing 
instruction on the avoidance of ingestion of 
chemicals or plants, by identifying dangerous 
plants and animals and by providing safeguards 
against radioactive contamination. 

Provide shielding for the teacher and students 
for demonstrations involving the possible explo- 
sion or implosion of apparatus or the possibility 
of injury due to spattering. 

Provide sufficient time for students to set up the 
equipment, perform the experiment and properly 
clean up and store the materials after use. 

Set a good example when performing all demon- 
strations. 

Instruct students concerning specific hazards and 
precautions at the beginning of each science 
activity. 

Obtain certification in first aid from the Ameri- 
can National Red Cross. 

Establish group size appropriate for efficient per- 
formance of the exercise without confusion. 

Instrud students never to eat or drink in the labo- 
ratory and never to use laboratory glassware as 
food or drink containers. 

Require that chemical goggles be worn in any 
situation that is a potential source of splashes, 
spills or spattering (h£izdrdous chemicals, hot liq- 
uids or solids, radioactive materials). 



Instruct students never to perfornri an)^ unautho- . _ 
rized experiment or to use unauthorized equip- 
ment or materials. 

Caution students to exercise care in noting odors 
and never to taste, touch or smell substances 
without specific instructions from the teacher. 

Do not permit students to touch laboratory equip- 
ment until instructed to do so. 

Perform demonstrations or experiments before 
allowing students to do the activity. Identify haz- 
ards related to the procedures, equipment and 
materials. 

Instruct students never to pipette chemical rea- 
gents by mouth. 

Instruct students never to force glass tubing into 
a cork or stopper. 

Instruct students to slant test tubes away from 
themselves when heating them and never to dis- 
card matches in the sink. Remind students of the 
low visibility of burner flames and have them 
exercise caution regarding long hair and loose 
clothing. 

Have students keep materials other than Jab^aa- . . 
uals or notebooks away from the working area. 

Instruct students that it is unsafe to touch the 
face, mouth eyes or other parts of the body after 
working with plants, animals or chemicals until 
they wash their hands thoroughly. 

Provide adequate supervision of the laboratory 
at all times. 

What are some specific 
safety procedures with 
regard to chemicals? 

In addition to the safety procedures for each exer- 
cise or experiment, the safe use of chemicals 
involves four major areas. The teacher should be 
aware of proper storage procedures, proper dis- 
posal techniques, chemical toxicity and unstable 
or incompatible chemical combinations. 

The proper storage of chemicals should provide 
security against unauthorized removal of the 
chemical, protect the environment by restricting 
chemical emissions and protect the reagents from 



ERLC 



38 



36 



fire, The roDm used for this, storage should be 
well-ventilated, dry and protected horn sunlight 
and localized heat such as hot water pipes. The 
room should always be kept locked when not in 
use. 

Store liquid flammables in safety cans not larger 
than one gallon and place in a separate metal 
cabinet. This includes such items as gasoline, 
kerosene, methyl acetate, methyl alcohol, ethyl 
ketone, petroleum ether, propyl alcohol, pyridine, 
toluene, turpentine and xylene. 

Oxidizer storage should also be in a separate 
cabinet which is lightfree and lockable. Chemi* 
cals stored here would include ammonium nitrate, 
potassium chlorate, potassium nitrate, potassium 
permanganate, sodium nitrate and metallic sul* 
fates or permanganates. 

Control storage (lockable) should be provided 
for the remainder of the chemicals. Metallic 
sodium or potassium must be stored under kero* 
sene and containers of sodium, potassium, cal- 
cium or calcium carbide should not be stored 
above water solutions or containers of water. 
White phosphorous must be stored and cut under 
water and the water changed t)ccasionally as it 
becomes acidic. 

Special care should be exercised in the storage 
and use of ether. Ether reacts slowly with oxygen 
to form peroxides that are explosive. These unsta- 
ble peroxides are less volatile than ether and have 
a tendency to concentrate. For maximum safety 
ether should be procured in quantities that will 
be used once opened. 

In many school laboratories hoods are used for 
storing chemical reagents. Storage of volatiles 
or flammable materials in a hood necessitates 
that the hood operate continuously; most hoods 
are not designed to function in this manner. Hood 
storage often results in a corrosive atmosphere 
which leads to label deterioration. Furthermore, 
hood storage causes the loss of valuable labora- 
tory space, has no security provisions and may 
create hazards due to the presence of incompati- 
ble chemicals. Use of a hood for storage is 
discouraged. 

Often a stockroom refrigerator of the standard 
home type is used for storage. This creates a 
hazard when certain flammable or explosive 
materials are stored in it. This type of refrigera* 
tor has numerous open type switches which can 
spark and ignite explosive vapors. If a refrigera- 



tor is usedior this purpose, it should be the labo- 
ratory grade explosion-proof variety. 

Store all materials in containers that are easily 
handled and resistant in the case of corrosives. A 
detailed list of chemicals and their proper stor* 
age containers is available in Safety in the Sci- 
ence Laboratory (Christian, 1968) and Safety in 
the Secondary Science Classroom (NSTA, 1978). 

A purchasing philosophy dictated solely by eco- 
nomic considerations can create storage prob- 
lems. While bulk rates usually result in less unit 
expense, chemicals should not be purchased in 
such quantities that they will not be used in a 
reasonable amount of time. Before any chemical 
is stored, the label should be checked to ensure 
that it clearly states what the material is, the 
type and severity of any associated hazards, pre- 
cautionary and treatment procedures for the haz- 
ard and the date it was received. 

The second area relative to the safe use of chemi- 
cals involves proper disposal techniques. The 
importance of protecting our environment from 
chemical pollution negates the wholesale use of 
dilution to dispose of chemicals down the drain. 
Small amounts of dilute ficids, bases orsalt solu^ 
tions may be flushed down the drain with large 
amounts of water, but be sure that all materials 
are water soluble, non-toxic and in concentra- 
tions well below the threshold limit. 

Solid materials that cannot be flushed because 
of their insolubility or toxicity should be disposed 
of in crockery storage jars with protective lids. 
Flammable solids should not be placed in these 
containers. Once the waste is collected it can be 
disposed of in a land fill or other appropriate 
technique as indicated in the publication Labora- 
tory Waste Disposal Manual by the Manufactur- 
ing Chemists Association (1973). A partial list of 
materials that can be disposed of in a land fill or 
released to the air follows. 



Argon 
Asphalt 

Batteries, dry cell 
Boron 

Bromochloromethane 
Caiciuni carbonate 
Calcium oxide 
Carbon black 
Carbon tetrafluoride 
Chlorobromomethane 
Chromium 
Crude lime 
nichloromethane 



Epoxy resin systems 

Ferrosiiicon 

Helium 

Hexachloroethane 

Hexafluoroethane 

Hydrogen 

Lamp bulbs 

Metal scrap 

Molybdenum, insoluble 

compounds 
Neon 
Nitrogen 

Nitrogen fertilizers 
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Nitrogen trioxldel^ 

Osmium tetroxide 

Oxygen 

Ozone 

Paint 

Pyrethrum 
Resins 
Rubber 
Scrap glass 
Scrap stoneware 
Silica 
Sludges 
Stone, alberine 



Sulfure 

Sulfur hexafluoride 
Tar 

Tetrabromoethane 

Tin, organic compounds 

Titanium oxide 

Tremolite 

Urea 

Xenon 

Yttrium 

Zinc oxide 

Latex 

Magnesium oxide 



P^rchioroelhykne 
Tetraethyl lead' 
Carbon disulfide 



Benzene 

Nearly all pesticides 



The third area relates to chemical toxicity; toxic 
referring to those materials that cause damage 
to humans. A representative classification of the 
level of health hazard is nuisance, irritant, cor- 
rosive, anesthetic, allergen, carcinogen, muta- 
gen, teratogen, toxin and central nervous system 
depressant. Often the safety hazard of a chemical 
is enumerated and its potential as a health haz- 
ard ignored. The volatility and flammability of 
carbon disulfide are emphasized, for example, but 
carbon disulfide is also highly toxic and may cause 
damage to the liver, kidneys and central nervous 
system. Chemical entry to the human organism 
occurs through the digestive tract, respiratory 
tract or skin. The respiratory tract is the most 
common entry pathway. Some substances have 
fumes or dust which are toxic when inhaled. 



Examples 

Acetic acid (concentrated) 
Ammonium hydroxide 
Benzene 
Bromine 

Carbon disulphide 
Carbon monoxide 
Carbon tetrachloride 
Chlorine 
Formic acid 
Hydrochloric acid 
Hydrofluoric acid 
Hydrogen sulfide gas 

in many cases direct contact with certain materi- 
als should be avoided because of damage to the 
tissue or because of the ability of the substance 
to penetrate the skin. 



Mercury 
Nitric acid 
Nitrogen oxides 
Plastics 

Perchloric acid 
Potassium hydroxide 
Sodium hydroxide 
Sulfuric acid (hot or oleum) 
Sulfur dioxide 



Examples 

Bromine (liquid) 
Carbon tetrachloride 
Chromates 
Dichromates 
Formic acid 
Potassium hydroxide 

(solid and in solution) 
Sulfuric acid 



Methyl alcohol 
Butyl alcohol 
Methyl acrylate 
Hydrochloric at id 
Hydrofluoric acid 
Mercury 
Nitric acid 

Phosphoric acid (Hot 
Concentrated) 



Another concern are substances known to cause 
cancer in humans. The Occupational Safety 
and Health Administration has identified 
the following carcinogens (1976). 



Benzidine 

Bischlormethyl ether 

Beta*Propiolactone 

Dichlorobenzidine 

Alpha-Naphthylamine 

Beta-Naphthylamine 

Acetylaminofluorene 

Aminodiplenyl 

Dimethylaminoazobenzene 



Aminodiphenyl 
Nitrobiphenyl 
Nitrosodimethylamine 
Methyl Chloroniethyl 

Ether 
Methylene (Bis)- 

Chloroaniline 
Ethyleneimine 
Vinyl Chloride 
Asbestos 



Many of these chemicals have more than one 
name. An article by J. Brauiord Black, M.D., 
contains a list of these carcinogens and their 
synonyms. This was published in the September 
1976 issue of the Journal of College Science 
Teaching. The list is also available from local 
chapters of the American Lung Association. As 
a companion to this list of known carcinogens, 
the National Institute for Occupational Safety 
and Health (NIOSH) has published a list of sus* 
pected carcinogens. This list is available through 
the Division of Technical Services, NIOSH, Cin- 
cinnati, Ohio 45226. All substances on these lists 
should be eliminated from the school laboratory. 

The fourth area relative to the safe use of chemi- 
cals relates to unstable and/or incompatible 
chemical combinations. Frequent accidents occur 
because neither the student nor the instructor is 
able to anticipate the results of certain chemical 
combinations. This is not uncommon even among 
experienced chemists. Instructors should have 
available a list of unstable chemicals and incom- 
patible combinations. A partial list of unstable 
chemicals and their properties is as follows. 

Ether — easily forms explosive peroxides. 

Ammonium nitrate — decomposes exothermi* 
caily above 160 degrees Celsius, producing a 
large volume of gaseous products. 

Formic acid — concentrated, it is unstable and 
has been known to explode. 

Phosphorous*white ~ spontaneously ignites 
in air at temperatures above 30 degrees Celsius. 
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Ammoniacal silver nitrate solutions (Tol* 
len*s reagent) — m<^y produce unstable prod- 
ucts which detonate violently when disturbed. 

Benzoyl peroxide — extremely unstable. 

Nitrogen tri*iodide — shock sensitive when 
dry. 

Picric acid, metal picrates, perchloric acid 

— very unstable. 



Some incompatible chemical combinations fol- 
low. 

Acetic Acid — Nitric acid, peroxides, permanga- 
nates, ethyh'ne glycol, hydroxyl compounds 

Acetone — Concentrated nitric and sulfuric 
acid mixtures 

Alkali metalst (e.g., sodium or potassium) — 

Carboii tetrachloride, carbon dioxide, water, 
halogenated hydrocarbons 

Ammonia, anhydrous — Mercury, chlorine, 
calcium hypochlorite, iodine, bromine, hydroflu- 
oric acid (anhydrous) 

Ammonium nitrate — Acids, inflammable liq- 
uids, metal powders, sulfur, chlorates, any finely 
divided organic or combustible substance 

Aniline — Nitric acid, hydrogen peroxide 

Bromine, chlorine — Ammonia, petroleum 
gases, hydrogen, sodium, benzene, finely divided 
metals 

Chlorates — Ammonium salts, acids, metal 
powders, sulfur, any finely divided organic or com- 
bustible substance 

Chromic acid — Acetic acid, naphtaline, cam- 
phors, glycerin, turpentine, alcohol, flammable 
liquids in general 

Flammable liquids — Ammonium nitrate, 
chromic acid, hydrogen peroxide, nitric acid, 
sodium peroxide, the halogens 



These chemicals should not come in contact with 
each other except under carefully controlled, 
safety consions conditions. 

Hydrocarbons (e.g., propane, benzene, 
gasoline, etc.) — Flourine, chlorine, bromine, 
sodium peroxide 



Hydrogen peroxide — Most metals and their 
salts, alcohols, organic substances, any inflam- 
mable substance 

Hydrogen sulfide — Oxidizing gases, fuming 
nitric acid 

Iodine — Acetylene, ammonia, hydrogen 

Mercury — Acetylene, ammonia 

Nitric acid (con.) — Acetic acid, hydrogen 
sulfide, inflammable liquids and gases 

Oxalic acid — Silver, mercury 

Potassium chlorate — Sulfuric and other 
acids, any organic substance 

Potassium permanganate — Sulfuric acid, 
glycerine, ethylene, glycol 

Sodium nitrate — Ammonium nitrate and other 
ammonium salts 

Sodium peroxide — Ethyl or methyl alcohol, 
glacial acetic acid, carbon disulfide, glycerine, 
ethylene, glycol, ethyl acetate 

Sulfuric acid — Potassium chlorate, potassium 
perchlorate, potassium permanganate, similar 
compounds of other light metals 

An excellent publication for reference in this area 
is the Manual of Hazardous Chemical Reactions 
published by the National Fire Protection As- 
sociation, 470 Atlantic Avenue, Boston, Massa- 
chusetts 02110 (1975). 

What are some specific 
safety procedures with 
regard to 
microorganisms? 

In working with microorganisms the same gen- 
eral safety procedures prevail that would be in 
force in any science laboratory. The instructor 
and students, however, should be aware of the 
additional hazard presented by the possible pres- 
ence of infectious agents. Although high school 
students should not be allowed to work with 
known pathogenic organisms, all cultures of 
microorganisms should be treated as though they 
were pathogenic. 

The most common sources of accidental infec- 
tion occur from oral aspiration through pipettes. 



ERIC 



41 



39 



accidental syringe inoculation, animal bites, spray 
from syringes, centrifuge accidents, cuts from con- 
taminated glassware, spilling or dropping patho- 
genic cultures, laboratory aerosols that may enter 
the respiratory tract and contact with infected 
animals and their cages. Follow microbiological 
laboratory procedures that minimize the above 
dangers. The transfer or inoculation of cultures 
using a pipette should be accomplished with a 
bulb. Avoid oral pipetting. The production of 
aerosols should be minimized by always discharg- 
ing the pipette below the surface of liquids, neither 
by bubbling air into a liquid nor forcefully ejecting 
the liquid from the pipette. Immediately place 
used pipettes in a disinfectant solution, then auto- 
clave before reuse. Avoid accidental syringe 
inoculation by ensuring proper animal restraint 
during injection. Again, reduce laboratory aero- 
sols by discharging any liquids below the surface 
of the receiving medium and not by expelling 
excess liquid into the air. In using an inoculating 
loop, avoid aerosol production by allowing the 
loop to cool before insertion into the medium 



and by avoiding sudden movements that break 
the loop film. A centrifuge is often used to sepa- 
rate cell suspensions from the medium. Inspect 
all tubes to guard against breakage, and fill the 
centrifuge cups with disinfectant as a precaution 
should breakage occur. 

In sampling for microorganisms to inoculate 
cultures, be aware of the potential presence of 
pathogenic organisms taken from field samples 
such as soil or untreated water. Exercise care 
not to contaminate a culture by coughing or 
sneezing or by prolonged exposure to the air. 
Take care that excessive distribution of spores 
and pollen does not occur in the classroom 
because of possible allergic reactions. Tape closed 
culture dishes that are passed around the class- 
room or left out for viewing. If a culture is acci- 
dentally spilled, clean the area with a strong 
disinfectant. All old cultures should be autoclaved 
before disposal. Although liquid disinfectants are 
useful, do not rely on them for complete steriliza- 
tion. 
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What specific 
safety procedures and 
guidelines wiien 
woriting with plants 
and animals? 



The use of living organisms, both plants and 
animals, in the classroom can be a motivational 
tool as well as a vehicle for understanding the 
concept of life and lifp processes. The use of liv- 
ing organisms does, however. Introduce another 
spectrum of potential hazards and a new list of 
teacher and student responsibilities. 

All plants should be thoroughly researched in 
order to know their toxicity. Parts of the same 
plant can have different properties. Therefore, in 
working with plants, never place any part of the 
plant in the mouth or rub the sap or fruit juice on 
the skin or into an open wound. Avoid inhalation 
or exposure of the skin and eyes to smoke from 
any burning plant or plant parts Be knowledge- 



able of the proper recognition procedures for 
plants. Never pick any strange wild flowers or 
cultivated plants unknown to you. The following 
list from the Oakland County Science Safety 
Seriea Reference Guide for Bioloffy ( 1977) 
indicates some plants known to cause reactions. 

A complete reference is Human Poisoning from 
Native and Cultivated Plants^ James W. 
Hardin and Jay M. Aerona, Duke University 
Press. Durham, North Carolina. 1977. 

When working with seeds, be aware that a stu- 
dent may consciously or unconsciously place a 
seed in his or her ,.iouth. This may create a dan- 
ger from ingestion of the seed itself or from a 
coating of hormone, fungicide or insecticide. Do 
not use chemically treated seeds for classroom 
instructional activities. When working with pol- 
len or spore producing plants; avoid unnecessary 
spread of pollen grains and spores which can 
result in bronchial inflammation or other aller- 
gic responses. 

In working with animals in the laboratory, the 



Plants Known to Cause Reactions 



Apple trees seeds 

Autumn crocus. (Stcir of Eicthleheni) • hulhs 

Baneberrv berries 

Black locust bark, sprouts, foliac^e 

Bleeding heart (Diitehnidn's hreec hes) • f(>ild(|e. roots 

Crab apple foltdye, seeds 

Daphne berries 

Death camas (dl parts 

Dieffenbachia (dumb c diie. elephdiit ccir) idl [)(irts 
EMerberrv <dl parts ex(cpt fruits 
English holly berries 
Foxglove leaves 

Golden chain be<in-like ( apsides in ufiit h the seeds are 
suspended fl* 
Honeysuckle — seeds 

Horse chestnut — leaves, flowers and seeds 
Hyacinth, narcissus, daffodil bulbs 
Iris lindercjrown stems 

clack in the Pulpit 'ill parts, espec iailv roots 

Jessamine berries 

Jimson weed (thorn apple) • all parts 

Lantana camary (red saqc) green berries 

Larkspur yoitiKj plant, seeds 

Laurels, rhododendron, azaleas all parts 

Lily of the Valley leaves, flouers 

Mc^idenhair trees (qinki]o iMl(W)a) butt 

Marsh marigold (uncooked) cdl parts, sap 

Mayappi? (jn'm itppir, foliaijc, roots 



Mistletoe — berries 

Monkshood (wolfsbane) fleshy ro(Jts 

Moonseed — berries 

Mushrooms all parts 

Nightshade — all |)arts. esp«»( iailv the uiuipe berrv 

Oak trees — foliage, acorns unless properly pre()ared 

Oleander — leaves, branches 

Peach trees — leaves, seed 

Pear trees — leaves 

Plum trees — leaves 

Poinsettia leaves 

Poison oak, ivy, nettles, common buttercup all parts 

Pokeweed — berries and roots 

Potato — vines and foliage, green tubers 

Privet (common) — berries and leaves 

Rosary pea, castor bean - seeds 

Rhubarb — leaf blade 

Toadstools and related fungi - all parts 

Tomato — vines, foliage 

Water hemlock — all parts 

White stiakeroot — foliage 

Wild carrot - foliage 

Wild cucumber seeds 

Wild and cultivated cherry trees (ui^s fnbcKic 
Wild radish flow(>rs, fruits, stalks 
Wisteria s(>eds. pods 
Yew — all parts 



teacher should be aware, in addition to general 
safety procedures, of the psychological ramifica- 
tions of animal experiments and should take steps 
to alleviate any misunderstandings. This necessi- 
tates that an adult supervisor assume the pri- 
mary responsibility for experiments involving 
animals. The teacher should take precautions to 
ensure that animals used for experimental pur- 
poses are lawfully acquired and kept in strict com- 
pliance with federal, state and local laws and 
reptilations. 

Animals must receive humane treatment. Ani- 
mals should be caged to avoid animal bites to 
students and to protect the animals from im- 
proper handling by students. Instruct students in 
the proper handling procedures and be sure they 
wear protective gloves or clothing as appropriate. 
Special handling requirements are necessary if 
the animal is pregnant, with young or hungry. 
Treat any scratches or bites that are incurred 
promptly and isolate the animal for 10 days. 
Clean the animal care facilities frequently enough 
to remove animal wastes, control vermin and 
keep the concentration of pathogenic microorga- 
nisms at a minimum. Optimum housing condi- 
tions for each species should be maintained, 
including proper diet and sufficient water. Return 
cold blooded animals to a care facility that 
approximat s their natural environment as soon 
as possible after handling, and handle turtles as 
little as possible because they may carry sal- 
monella. Do not keep poisonous snakes, snap- 
ping turtles, disease-carrying insects and harm- 
ful spiders in the classroom. In animal experi- 
ments do not subject the animals to stress, pain 
or discomfort. Deficiency experiments should be 
conducted only to the symptomatic stage and 
should cease before debilitating the animal. Do 
not perform surgery on any living vertebrate. Eggs 
that have been manipulated during development 
should not be allowed to hatch. Obtain all ani- 
mals from a reputable supply house; avoid bring- 
ing wild animals into the classroom. Any dis- 
posal of animals should be accomplished in a 
humane fashion. 

The National Science Teachers Association has 
established a code of practice on using animals 
in the classroom. The details of this code can be 
found in the September, 19S0 issue of The Sci- 
ence Teacher. 

Disease control is another area of responsibility 
in caring for animals. Diseases can be transmit- 



ted among animals, from animals to humans and 
from humans to animals. Animals can contract 
salmonellosis, influenza, tuberculosis and infec- 
tious hepatitis from humans. Humans can con- 
tract many diseases from animals. These danger 
signs include an unusual odor emanating from 
the cage, a sluggish or unresponsive animal, con- 
stant or unusual bickering among inmates, loss 
of appetite, an unhealthy pallor or color change 
in hair, eyes, or skin, unusual discharge from body 
openings, or frequent sneezing. An animal sus- 
pected of disease should be isolated, its quarters 
disinfected, and if the diseased condition persists, 
humanely destroyed. 



What are specific safety 
procedures when using 
eler ^ricity? 

The basic hazard when usinq electricity is that of 
being subjected to electrical shock. Electrocu- 
tion can occur under a variety of circumstances, 
it is actually the amount of current that flows 
through the body that determines the severity of 
the ^hock. Severe shock hazards can therefore 
exist even when using relatively low voltages. The 
amount of current flowing through the body is 
determined by the interaction of the factors 
expressed in Ohm's law 



(current 



voltage 



resistance 



Therefore, with a constant voltage, the current 
that flows through the body increases as the resis- 
tance decreases. The body has a fairly low resis- 
tance but dry skin has a high resistance, about 
500,000 ohms. Conditions that allow more than 
10 milliamps to flow through the body will cause 
a painful shock. Conditions that result in a flow 
of from 100 to 200 milliamps may cause severe 
burns and unconsciousness. This is usually not 
fatal if treated promptly. Conditions that result 
ih a current flovf about 200 milliamps are usually 
fatal. The severity of the shock is also relatec) to 
the nature and area of the contact surface, t^he 
time of contact and the pathway that the current 
takes through the body. 
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Electrical current flow has potential hazards for 
shock effects and heating effects. Because of the 
relatively high resistance of dry skin, the low volt- 
ages commonly encountered in using ordinary 
chemical dry cells are much less likely to pro* 
duce dangerous or even uncomfortable shock. 
The relatively low resistances encountered in 
wired circuits can allow high current to flow even 
with low voltages, thus producing elevated tem- 
peratures capable of producing fire hazard and 
skin burns. 

Electrical safety procedures involve controlling 
conditions so that electric current does not flow 
through the body. The standard 110 volt power 
line can be very dangerous. Electrical circuits 
and equipment should be handled only with dry 
hands. Moisture on the skin reduces its resis* 
tance from about 500,000 ohms to 1,000 ohms, 
creating a shock hazard. Electrical equipment 
should be handled only on a nonmetallic floor. 
Rubber mats are preferrable . nd the floor must 
be dry. The teacher or students should be sure 
that the person is not grounded nor in contact 
with any grounded items. The following is a par* 
tial list of additional procedures. 

1. Test all electrical equipment for current leak* 
age and refrain from using equipment that 
produces even a slight shock. Check electri- 
cal equipment for approval by the Under* 
writer's Laboratories or some other recognized 
testing lab. 

2. Shield all live electrical switches and connec- 
tions. Clearly label all switches and circuit 
breakers for the open and closed positions, 
and be aware of the location of the main 
breaker for the laboratory circuits. 

3. Do not touch circuit parts with the power on. 
Use tools with insulated handles, and check 
all circuits used by students before current is 
allowed to flow. 

4. When assembling ^ircuits connect the live por- 
tion last; when disassembling disconnect the 
live portion first. 

5. When plugging in equipment beware of sparks 
from a possible short circuit. When removing 
plugs pull by the plug, not the cord. 

6. Do not conned appliance, equipment or exten- 
sion cords on circuits intended for illumina- 
tion only. Make sure that all electrical appli- 
ances and equipment are properly grounded. 



The major information sources for the above were 
the Oakland County Reference Guide for 
Physics and Physical Science (1977) and 
Safety in the Secondary Science Class* 
room (NSTA, 1978). An additional source is the 
Modem Chemical Technology Guidebook 
for Chemical Technicians, American Chemi* 
cal Society, Washington, D.C. (1970). 

What are some specific 
safety procedures when 
using lasers? 

The main hazard when working with lasers is 
potential eye injury. Even low laser power can 
cause retinal burns. If the area involves the 
macula, fovea or optic nerve, severe permanent 
damage may result. Additional laser hazards 
involve the potential for first and second degree 
burns as a result of exposure to beams from high- 
powered solid state or junction lasers. Electric 
shocks and burns may result from inadvertant 
contact with the input power or from a capacitor 
discharge. X*rays may be given off by some 
equipment. Burns can result from contact with 
liquid gas coolants. 

Even the lowest power laser light should be 
avoided from direct beam exposure to the eye. 
Poiential hazards of laser beams to the eyes are 
dependent on the laser power, beam diameter, 
distance from the beam, the color of the light, 
the angle of the beam, the focal length of the eye 
and the diameter of the eye opening. Therefore, 
reduce the optical power to the lowest level nec- 
essary to accomplish the instructional objective. 
A .5 milliwatt Helium-Neon laser is the maxi- 
mum required for high school demonstrations. 
Keep the general illumination of the room high 
so that the pupils of the eyes are not dilated. All 
optical components should be rigidly fixed. All 
reflective objects should be removed from the 
anticipated laser path. All personnel should 
remain away from the sides of that path. Use a 
cover to block the beam when it is not in use. 
Privide security by equipping the primary circuit 
with a key switch. If at any time the interaction 
of the above stated factors exceeds threshold 
limits, wear glasses certified as protection for 
lasers. The Oakland Reference Guide for 
Physics and Physical Science (1977) indi- 
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cates that exposure of the retina to radiation of 
one millijoule per cm^ for one millisecond from a 
ruby laser has caused retinal burns. For addi- 
tional procedures see the Handbook of Labor* 
atory So/ety, Second Education, The Chemi- 
cal Rubber Company, Cleveland, Ohio (1971). 

What are some specific 
safety procedures wiien 
using model rociiets? 

The Federal Aviation Agency has established reg- 
ulations concerning the launching of model rock- 
ets. In all cases rockets must be operated so as 
not to create a hazard to persons, property or 
other aircraft. The following guidelines were 
adopted from the Oakland Comity Reference 
Guide for Physics and Physical Science 
(1977). 

1. The total rocket weight, including the engine 
should not exceed 16 ounces. 

2. There should be not more than four ounces 
of fuel in the rocket engine at the time of the 
launch. 

3. The rocket should be designed for reuse with 
a system to slow the rocket's return and thus 
minimize damage. 

4. The rocket should be constructed for maxi- 
mum inflight stability with a minimum of 
metal parts. 

5. The rocket should not contain an explosive 
or pyrotechnic warhead. 

5. The engine should be commercially prepared 
with ail fuels already mixed. The engine 
should be incapable of igniting or exploding 
at temperatures of less than 170 degrees F. 
Spontaneous combustion should not occur 



in air, under water or glycerine or when sub- 
jected to shock or pressure. 

7. The launch area should include 5,000 square 
yards and, when approximating a rectangle, 
have no side less than 50 yards. The flight 
area should be free of high voltage lines, 
major highways, water towers, multistory 
buildings and other obstacles. 

8. Launch ignition should be accomplished elec- 
trically by remote control. Persons in the 
launch area should be warned when the 
launch is imminent. 

9. Rockets should not be launched in <:loud 
cover or at night. At launch time the wind 
speed should not exceed 20 miles per hour 
and visibility should never be less than 2,000 
feet. 

10. A launch area cannot be used if it is within 
four miles of the boundary of any airport. 

11. The launch angle should be between 60"" and 
90"" from the horizontal. An adult should 
inspect the rocket and launch area prior to 
flight and supervise the launch. 

12. The rocket cannot be used for a fireworks 
display. 

13. Unmanned rockets cannot be launched un- 
less prior notice has been given to the Fed- 
eral Aviation Agency Air Traffic Control facil- 
ity as indicated by F.F.A. regulation Volume 
VI, Sec. 101.25. 



Conclusion 

These regulations and restrictions should not dis- 
courage the science teacher from creative teach- 
ing, experimentation and field trips. vCareful plan- 
ning and a liberal dose of common sense will 
make laboratory accidents unlikely. 
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Chapter V 



The Nature of the 
Secondary Science 

Teacher 



What qualities make a good teacher? What quali- 
ties are lacking in a poor teacher? These ques- 
tions were asked of students in a poll conducted 
^ in cooperation with the National Associate '>n of 
Secondary^School Principals. Students responded 
that good teachers work as hard as students, 
read what students write and point out the flaws, 
tell students the reasons for their grades, have 
boundless enthusiasm and yearn for knowledge 
themselves. They assign meaningftil tasks, but 
not busy work; are authorities without being 
authoritarian; have absolute control of the class; 
are demanding of their students; and challenge 
students to perform to the best of their ability. 
Students said that poor teachers hold students 
in contempt, are negative and fault finding, show 
favorites, talk about themselves and their per- 
sonal lives, are sarcastic to students, are "palsey- 
walsey/' often try to be "cool** and popular with 
students, don*t plan well and their instruction 
lacks purpose. 

This chapter is concerned with some of the skills 
and strategies a sci^^nce teacher should have to 
be effective. Not all aspects of the psychological 
and physical aspects of science teaching can be 
covered here, nor can all of the various teaching 
strategies and evaluation procedures be pre- 
sented. 



Interpersonal Skills 

Teachers are today better educated. As individ- 
uals, and as a teaching force, they have more 



expertise in their respective areas. They have more 
knowledge about managerial decisions and about 
the competence of management personnel who 
supervise their performance. Authority in a bu- 
reaucracy assumes that there is a fairly even dis- 
tribution of authority over a hierarchy of posi- 
tions where each superordinate position has 
power over subordinates. Professional authority 
presumes an informal relationship where the dis- 
tribution of authority rests solely on demonstrated 
knowledge or competence. Teachers are subject 
to both types since they are professionals in a 
bureaucracy. Teachers want principals to work 
with them prefessionally in matters of curricu- 
lum and instruction, but they also want them to 
exercise administrative authority to control stu- 
dent behavior. Frequently, the administrator 
either ignores or punishes professional behavior 
by the teacher. It is this professional vs bureau- 
cratic conflict that leads to teacher dissatisfac-^ 
tion with how the school or school system is 
run. 

The effective administrator and supervisor will 
find that the best way to work with people is by 
taking the cooperative approach. Even so, teach- 
ers are often faced with administrators who are 
hard-nosed; who say, "Do this because I say so." 
Some teachers may comply, either willingly 
because they agreed with the decision or resent- 
fully. Other teachers will simply throw up their 
hands and leave the teaching profession, at least 
in spirit. The creative teacher who feels com- 
pelled to accept prescribed methods may eventu- 
ally despair and give up teaching entirely. Bolder 
teachers will speak out, resist the administrator 



47 45 



and set up cold war conditions. Everyone should 
realize that the function of administrators, super* 
visors and teachers is to work together for the good 
of the students and not for their own glory. 

A science education program is no more effec* 
tive than the combined efforts of the total teach- 
ing staff. For instance, the science teacher should 
work with the media staff to help them select 
science reference materials and audiovisual aids. 
Medi^ specialists can be of invaluable assistance 
to science students who are working on research 
papers or reports. In this case the media staff 
should have advanced briefing as to the nature 
of the area of study so that they may be prepared 
to work with the students efficiently. 

Since there is such a close relationship between 
math and science, working with members of the 
math department to develop concepts that are 
common to both disciplines is natural. There 
should also be coordination between the social 
studies and English departments. These areas 
may be incorporated into science in any number 
of ways. 

Classroom 
Management 

Teachers who have difficulty in the classroom 
fall into several categories. There is the teacher 
who is ineffective in the eyes of the supervisor, 
administrator and students, but sees himself or 
herself as effective. This teacher is Identified by 
the poor progress of students, by a lack of rap- 
port u/ith students, by a lack of knowledge of the 
material being taught, by a lack of skill in pre- 
senting the material and by a lack of control of 
the classes. This teacher needs assistance in com- 
pleting a self-inventory, highlighting strengths 
and weaknesses. Follow-up should include con- 
ferences, observations, consultation, evaluation, 
to emphasize strengths and to minimize weak- 
nesses. 

Sometimes the subject-centered teacher is seen 
as ineffective. Some teachers and principals 
believe that the subject mattet is king and the 
learner should be adjusted to the subject rather 
than the subject matter adjusted to the student. 
The strict disciplinarian keeps all learners under 
his or her thumb, allowing no freedom for adoles- 



cent exuberance. Teachers who are having diffi- 
culty because of this attitude might review some 
of the principles of educational psychology, review 
learning theories, study the motivation of learn- 
ers and the application of all of these theories to 
the classroom. Experienced teachers are often in 
greater need of supervision with respect to rigid- 
ity and subject-centeredness than inexperienced 
ones. Inexperienced teachers who have just re- 
cently completed their teacher preparation pro- 
gram usually know some of the latest thinking in 
education and in their teaching field and are not 
set in fixed ways of teaching. 

Another category of ineffective teacher is the one 
who is ineffective and knows it. In addition, every- 
one in the school may agree that the teacher is 
ineffective. This type of teacher is most often 
defensive about his or her position and refuses to 
seek the help of fellow teachers, supervisor or 
administrator. The teacher claims that students 
are unmotivated, or that administrators are 
uncooperative, or that he or she is placed in the 
wrong grade or teaching field or in the wrong 
school. This teacher must be willing to accept 
suggestions from peers and supervisors. These 
people must, in turn, sense the insecurities of the 
troubled teacher and offer assistance. 

The nature of science classes requires special 
discipline problems and methods of control. Sci- 
ence has many applications to daily lives of 
students. Motivation can be easier than in some 
other courses. Demonstration devices and labo- 
ratory equipment stimulate interest. Still, by its 
nature, the laboratory offers freedom of move- 
ment which may lead to discipline problems. 
Students with little self-discipline may find many 
opportunities to cause trouble. The teacher's con- 
trol must be effective, but not so rigid that it 
sacrifices the opportunities for laboratory experi- 
ences. 

Solving Behavior 
Problems 

Behavior problems arise no matter how much 
teachers do to understand behavior problems, 
no matter how conducive the atmosphere is to 
learning and no matter how hard teachers try to 
prevent them. Every school will have its own poli- 
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cies regarding what teachers should do to han- 
dle discipline problems, and teachers should 
make certain they know the philosophy and atti- 
tudes of the local administration regarding disci- 
plinary procedures. Most often teachers are 
expected to handle their own disciplinary prob- 
lems, except in cases of severe problems such as 
classroom fights and outright disobedience. 
Minor types of childish behavior can be met with 
the simplest of techniques, a glare or stare or 
silence. The teacher should not make a big issue 
of petty misbehaviors. Often a quiet talk with the 
offending student about his or her behavior will 
suffice. 

Conferences with parents by letter, telephone or 
face-to-face are also effective. Referrals to guid* 
ance counselors, school psychologists or outside 
agencies may be necessary in more severe dis- ^ 
cipline cases. When punishment by the teacher * 
is indicated be sure that it is adjusted to both the 
offense and the offender and that it is fair, reason- 
able and sound. As- often as possible teachers 
should make an effort to strengthen desirable 
behaviors in problem students with a good grade, 
a word of praise or perhaps something tangible. 
Inappropriate behavior should just be ignored. 
The teacher is a model for the learner when she 
or he expresses positive attitudes toward the pro- 
cess of learning. Students, too, serve as models 
for other students. Unfortunately some students 
may imitate the undesirable behavior of others if 
they observe them receiving reinforcement. 

The best way to deal with behavior problems is 
to prevent them; then there is no need to worry 
about corrective measures. Often teaching styles 
provoke disciplinary problems. They may, for 
instance, repress every form of exuberance, or, 
on the other end of the scale, let students do as 
they please. Teachers need to display confidence. 
Teachers must set realistic objectives and use 
feedback to make sure they are using appropri- 
ate strategies. Analysis of student success and 
failures will determine if modifications in instruc- 
tion are necessary. 

Every teacher must examine the relevance of the 
curriculum and decide whether the needs of the 
students are being met. Classroom behavior is 
much less a problem if students fee! that what 
they are there to learn is of some use to them 
now and in the future. 



Begin Early 

The first three weeks of school are important in 
establishing a teacher's management style. It has 
been reported that in the first weeks of school 
effective managers displayed a more workable 
system of rules and procedures which they taught 
to their students, gave more careful directions 
and monitored students more carefully, stopped 
inappropriate behavior more quickly and made 
clearer the consequences of appropriate and inap- 
propriate behavior in their classrooms than did 
ineffective teachers. It is, therefore, important 
that teachers develop an efficient system for or- 
ganizing procedures, rules and initial activities 
and teach this system to students at the beginning 
of the year and set the scene for effective class- 
room management for the year. 

Teachers should gather as much information as 
possible about individual learners. Information 
about a student's background at home and at 
school can help explain some of the reasons why 
the child behaves as he or she does. Learning 
about potential students problems from other 
teachers is not necessarily a bad idea, but remem- 
ber not to hold students* past against th6m. Stu- 
dents have difficulty in classrooms for many dif- 
ferent reasons: conflicts with other students, 
personality conflict with a specific teacher, im- 
maturity. In another setting, at another time, a 
problem student might be easy to get along with 
and interested in learning. 

One of the goals of instruction is to make learn- 
ing as enjoyable as possible. Therefore, it is not a 
good technique to assign extra homework to a 
particularly rambunctious class, or to threaten a 
noisy class with a test. The teacher should keep 
the class moving, ii ' H in meaningful tasks 
and should avoid rep^ d unnecessary 

inconsequential activities designed to fill time. 

The relationship between teaching and dramat- 
ics has been in much of the teacher-education 
literature. Unlike a TV or movie producer the 
teacher must consider the conditions of human 
growth and development. Youngsters tend to be 
restless and in need of movement and change. 
Their attention span is shorter than that of adults. 
Not all students are highly motivated, dedicated 
and interested in the material. Therefore, the 
teacher must devise means of attempting to 
increase interest in the topic of study. The key 
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word here is variation — variation of stimuli and 
variation of learning activities for the group and 
the individual. 

During every class a variety of stimuli effect 
responses in learners. The people in the room, 
lighting, furniture and equipment, the activity out* 
side the door all have a bearing on the learning 
in the classroom. 

The effectiveness of the use of gestures, the use 
of silence to secure attention have already been 
mentioned. Another technique is that of focus- 
ing — directing the attention of students to par* 
ticular objects or concepts by the use of such 
statements as, "Keep this point in mind," or 
"Let's look at the picture on page 32." The 
teacher might also switch from oral communi- 
cation — lecturing — to visual through the use of 
the chalkboard or overhead projector, and back 
again. By manipulating the stimuli and varying 
those stimuli the teacher can more readily gain 
and keep student interest. 

Some special activities may be necessary for 
some individuals in the larger group. The indi- 
vidualization of instruction is one of the goals of 
the teaching process that has been described in 
countless articles and books. It is often made to 
seem like a simple task, but in reality it is an 
extremely difficult one. Education is a mass 
venture, we must handle individuals within groups 
and as members of a larger group. Given the 
mass nature of education we can partially adapt 
instruction to individual differences as we attempt 
to move to the ideal of individualization of in* 
struction. Learning is an individual activity. There- 
fore, it behooves the teacher to put into practice 
whatever skillful means he or she can use to help 
differentiate instruction and make it more per- 
sonal to the learner. Individualized instruction 
involves the following. 

L There are subgroups of students within the 
class. The teacher may create special interest 
groups or ability groups or remedial groups. 
Students may be grouped and regrouped for 
specific tasks and for special purposes. 

2. The teacher allows choices. The teacher 
should make a habit of extending the opportu- 
nities for selection to the learners whenever 
possible. Students can be given a choice of 
subgroups to which they wish to belong, 



choices of learning activities which have equal 
value, approaches they would like to take to 
the study of a topic and resources they would 
prefer to use. 

3. The teacher provides for independent study. 
Students who are mature enough and inter- 
ested ^ough to pursue a topic of study inde- 
pendently should be given the chance to do 
so. 

4. The teacher differentiates questions to indi- 
viduals on the basis of their particular inter* 
ests and abilities. In question and answer ses* 
sions the teacher can vary the complexity of 
questions according to the abilities of the 
intended responder, thereby allowing students 
of all ability levels to respond. 

5. The teacher provides differentiated assign- 
ments. Minimal assignments may be> set for 
slower students and more difficult assignments 
for faster students or brighter students. Some 
other device may need to be used to motivate 
the faster learners to do the more difficult 
tasks, but the practice of bonus tasks or hon- 
ors assignments sometimes helps. 

6. The teacher uses resources of varying levels 
of difficulty. There should be supplementary 
text materials available for varying levels of 
readers. The.e should be materials which 
present the topic being studied in different 
ways so that if the treatment in the textbook 
is not clear students may approach the topic 
in another way. 

7. The teacher makes use of learning resources 
outside the classroom. This might include field 
trips, the use of reading clinics, learning 
resource centers, etc. 

Most teachers assign homework. When making 
assignments for the next day, be certain that the 
assignment is clear to all students. Take enough 
time during class to make tasks understood. The 
assignment should be on work which the class 
has already covered, or which the teacher is cer- 
tain the learners are able to do. The teacher 
should be familiar enough with the task to be 
able to anticipate difficulties which students may 
experience and give suggestions on how to over- 
come them. Assignments should be a reason- 
able length, keeping in mind that students have 
assignments from other classes as well. 
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Teaching Strategies 

Science teachers should be prepared, organized 
and have direction and purpose for their teaching. 
There is no substitute for a well-prepared lesi^on. 
Start organizing the science program by develop- 
ing a big picture, determining the sequence of 
the program for the year. This may simply medn 
brealiing the year's work into units and then into 
individual lessons. Effective science teachers use 
a variety of teaching methods — choose the best 
for each lesson keeping in mind the questions, 
"What do I want to teach?" and "How can I best 
teach it?" 

In science classes it is important that thinking 
be emphasized over memorization. This is both 
a curricular problem and an instructional one. 
Some memorization will be necessary, but the 
teacher should aim for higher levels of cognition 
and move away from students' regurgitation and 
recapitulation of facts. The use of the scientific 
method — or problem solving — is the principal 
route to learning. Teachers hear a lot today about 
teaching by inquiry, or teaching the discovery 
method. Sometimes these two terms are used 
interchangeably, but they can be differentiated. 

Discovery occurs when an individual is mainly 
involved in using mental processes to discover 
some concept or principle. The discovery method 
can be summarized as involving these processes — 
observing, classifying, measuring, predicting, 
describing, inferring. There are four reasons for 
using this approach to teaching. 1. The student 
learns and develops the mind only by using it to 
think. 2. As a consequence of succeeding at 
discovery, the student receives a reward (a grade, 
perhaps). 3. The student learns the techniques of 
making discoveries by having opportunities to 
discover and learns how to organize and conduct 
investigations. 4. The discovery approach aids in 
better memory retention. 

inquiry is the process of originating and investi- 
gating problems, formulating hypotheses, design* 
ing experiments, gathering data and drawing con- 
clusions about the problem's solution. The pro- 
cesses of inquiry include originating problems, 
formulating hypotheses, designing investigative 
approaches, testing out ideas, synthesizing knowl* 
edge and developing attitudes. In addition to the 
reasons for discovery teaching, the inquiry ap- 
proach has these additional reasons. 1. Instruc- 



tion becomes student centered. 2. Inquiry learn- 
ing builds the self-concept of the student. 3. The 
student's expectancy level increases. 4. Inquiry 
learning develops talents. 5. Inquiry methods 
avoid learning only at the verbal level. 6. Inquiry 
learning permits time for students to mentally 
assimilate and accommodate information. 

Science is best taught as a procedure of inquiry. 
Just as reading is a fundamental instrument for 
exploring whatever may be written, so science is 
a fundamental instrument for exploring whatever 
may be tested by observation and experiment. 
Science is more than a body of facts. It is a col- 
lection of principles and a set of machines for 
measurement; it is a structured and directed way 
of asking and answering questions. It is not dif- 
ficult to teach a student the facts of science, but 
it is a challenge to teach a student the facts in 
their relation to the procedures of scientific in- 
quiry, and the intellectual gain is far greater than 
the student's ability to conduct a chemical ex- 
periment or to discover some of the character- 
istics of static electricity. The procedures of scien- 
tific inquiry, learned not as a set of rules but as 
ways of finding answers, can be applied without 
limit. Well-taught students will approach human 
behavior and social structure and the claims of 
authority with the same spirit of alter-skepticism 
that they adopt toward scientific theories. It is 
here that the future citizen who will not become 
a scientist will learn that science is not memory 
or magic but rather a disciplined form of human 
curiosity. 

Classroom discussion and questioning are more 
likely to complement inquiry learning than the 
lecture method. In answering questions students 
learn to evaluate, analyze and synthesize knowl- 
edge, and the teacher receives feedback. He or she 
learns from student comments how much they 
understand about the topic, moving it rapidly 
when they understand and slowing down when 
they do not. A lecture-oriented teacher seldom 
realizes when students are understanding. 

Inquiry-oriented teachers must remain flexible. 
Even though they have planned a series of ques- 
tions there must be a willingness to deviate from 
them and to formulate new ones as interaction 
with students occurs. Spontaneous questions may 
be difficult to create at first, but through trying to 
develop good questioning techniques the teacher 
becomes more adept at devising them and is 
more likely to interact with the students. 
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Give Time for Tiiinking 

Some teachers wait less than one second for stu- 
dents to reply to their questions. Research ana- 
lyzing student responses revealed that teachers 
with longer waiting times, three seconds or more, 
obtained greater speculation, conversation and 
argument than those with shorter wait-times. It 
seems that the expectancy levels of students are 
more likely to change positively if they are given 
a longer time to respond. A longer wait time 
also has advantages for the teacher. It gives the 
teacher time to hear and to think, and as wait- 
time increases teachers begin to show more vari- 
ability in the kinds of questions they ask. 

Questioning sessions should be planned. It is a 
skill which can be developed by following a few 
rules. 

1. Since questioning is essentially a verbal, cog- 
nitive type of activity, the teacher should strive 
to raise the questions to the highest possible 
level of the cognitive domain. Too often teach- 
ers ask questions that require only a yes or no 
answer. Such responses do not encourage 
thought nor do they give students practice in 
organizing ideas and opinions. Questions at 
the lower cognitive levels may sharpen the 
memory process and should not be eliminated 
entirely, but they do little to develop the more 
important abilities. A sample of questions fol- 
lowing Bloom^s Taxonomy may be found at 
the end of this chapter. 

2. Questions should be phrased clearly and in 
language the learner will understand. The 
importance of using language geared to the 
level of the learner is also important in any 
classroom discussion. Questions should be 
clear and in the teacher*s own words, and not 
out of the textbook. Questioning should be 
considered as supplementary to text materi* 
als and students should be expected to answer 
in their own words instead of repeating the 
language of the text. 

3. Teachers are concerned with the development 
of listening skills as well as speaking and com- 
prehending skills, they should not develop the 
habit of repeating the questions and answers 
given by students. They should speak loudly 
and clearly enough so that students can hear. 
Repeating questions encourages students to 



daydream and wait for the second qo around. 
Repetition may be necessary only when it is 
apparent that students have not understood 
the question. 

4. Questioning sessions should consume only a 
portion of a lesson. Long question and answer 
sessions may defeat the purpose for which 
the questions was intended. One technique 
often used to liven up a question session is to 
turn the situation into a game. By creating 
teams to fteld questions the teacher can intro- 
duce a competitive spirit. This technique is 
adaptable only for the lower type questions 
and is too awkward for more complex and 
probing types of questions. 

5. The affective learning which takes place along 
with the cognitive should be kept in mind by 
the teacher. Positive reinforcement of student 
responses in terms of words or gestures is 
important. When the responses are not cor- 
rect, the student's attempt at responding 
should be rewarded. 

The teacher should provide continuous and fre- 
quent opportunity for students to express them- 
selves. Discussing and questioning should give 
students a chance to develop skills of listening, 
thinking, speaking and participating as members 
of a group. It is difficult for some teachers to 
restrain themselves and give students a chance 
to express their thoughts, but it is necessary. The 
teacher is not only concerned with expanding on 
the information in a classroom discussion, but 
with perfecting the discussion skills themselves. 
Therefore, it is important that the teacher attempt 
to provide opportunities for all learners to partici- 
pate and not be content with participation by 
only a few students. Students should be encour- 
aged to volunteer responses and to contribute 
illustrations and stories from their own experi- 
ences. The teacher needs to make the students 
feel that class participation is an important part 
of the day's lesson. They will then participate 
more frequently, especially when they are reas- 
sured that their opinions count for something 
and they do not fear ridicule or disapproval by 
the teacher or their classmates. 

The teacher's task in classroom discussions is to 
keep the discussion on track. Students must learn 
to take turns in lalking. listening while others are 
speaking. The teacher might allow students to 
serve in the role of moderator. A discussion can 
be started, stopped, moved along or turned in 
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Another direction by the wise use of gestures or 
movement on the part of the teacher. The teacher 
is conveying a message to students when she or 
he moves around the room and directs discus- 
sion from different areas. The teacher's move- 
ment acts as a stimulus for the learners to con- 
tinue participating. When the teacher adopts an 
expression of puzzlement, the student knows that 
his or her response is not clear. Hand gestures, a 
look, nod, frown or silence can follow a student's 
comments, while an accepting '"uhhuh," or bewil- 
dering ''hmmmm" or rolling eyes showing amuse- 
ment, are all ways of using verbal and non-verbal 
cues to draw out responses from students. The 
analogy of teaching to dramatics comes forth as 
the teacher uses these techniques to convey cer- 
tain messages. Many of these cues are habitual 
traits with some teachers, while others may learn 
to develop their own by watching other teachers 
and by studying their own performance. 

While the lecture method is often overworked, 
and given that teachers usually tend to talk far 
too much, lecturing can be an efficient means of 
getting across a large quantity of information to 
a large group of students in a short period of 
time. The lecturing can be improved by following 
a few guidelines. 

1. Learners should be mentally mature enough 
to accept the mode of lecturing. The younger 
the child, the less receptive to lecturing. 

2. Learners should have developed adequate lis- 
tening skills to cope with the lecture. This is 
also directly related to the age of the student, 
but listening skills can be learned and devel- 
oped. 

3. Teachers must use language which the learn- 
ers understand. They should not talk down to 
learners. Avoid using too much teenage jar- 
gon. Students often resent attempts by older 
folks to mimic street language. Students do 
not expect teachers to use their language, they 
expect teachers to play their roles as adults. 
Wise use of selected words may help get the 
message across, but overworking their slang 
may cause the teacher to lose the audience. 

4. Every lecture should be planned. There should 
be a prepared outline that sets forth the key 
points to be made, key questions to be asked 
and illustrations to amplify key points. 



5. Talk alone is not sufficient. The lecture should 
be supplemented with demonstrations or vi- 
sual aids. 

6. Provision should be made for feedback and 
follow*up. There should be time given for ques- 
tions from the students. There also should be 
some type of evaluation to make certain that 
students have learned some of the points made 
in the lecture. 



Teacher 

Demonstrations 

A demonstration is the process of showing some- 
thing to another person or group. In a demonstra- 
tion a teacher can tell the students what is 
happening, but the demonstration can also be 
given inductively when the teacher asks several 
questions but seldom gives answers. An induc- 
tive demonstration has the advantage of stress- 
ing inquiry which encourages students to ana- 
lyze and make hypotheses based on what they 
know. A demonstration can become an experi- 
ment if it involves a problem for which the solu- 
tion is not immediately apparent to the class. 

Demonstrations can be justified for these rea- 
sons. 

• Less equipment and fewer materials are re- 
quired. 

• Time requirements are less. 

• There is less hazard when dangerous materi- 
als are used. 

• Teachers can direct students' thinking process. 

«» Teachers can show how to use and prevent 
damage to certain types of equipment. 

There are several points to follow in planning an 
effective demonstration. 

• Identify the concept and principles you wish to 
teach. 

• If the principle is a complex one, subdivide it 
into concepts and be prepared to give some 
examples of each concept. 

• Choose an activity that will show the concepts 
to be taught. 

• Design the activity to involve as many stu- 
dents as possible. 



o Gather and assemble the necessary equipment. 

• Practice the demonstration at least once before 
class begins. 

• Outline questions to be asked during the dem- 
onstration. 

• Decide how to use visual aids to supplement 
the demonstration. 

• Decide on an evaluation to use following the 
demonstration. 

• Consider how much time the demonstration 
will take from start to finish. 

Demonstrations may be presented in a variety of 
ways. The most common is probably the teacher 
demonstration, but it cojald also involve one or two 
students as assistants. |t could also be a demon- 
stration that involves H small group. Guest dem- 
onstrations by other teachers or persons from 
the community are helpful in relieving the tedium 
of classroom activities. 



Laboratory Teaching 

The teacher must consider the purpose of a lab 
exercise. If the only objective is to teach a spe- 
cific bit of information, there is no point spending 
an hour or two of class time to demonstrate the 
facts. But learning facts is not the only legitimate 
function of the laboratory. 

Bentley Glass stated 

'The laboratory is the place where the work of science is 
done, where its spirit lives within those who work there, 
where its methods ore transmitted Jrom one generation to 
the next. One does not really learn science from books: one 
learns science by asking nature the right questions. And the 
laboratory is the place where one learns most readily what 
questions con be asked fruitfully, and how they must be put. 
It is where one learns why science insists on precise measure- 
ments, accurate observations, and consciseness and clarity 
in communication/* 

Paul DeHart Hurd stated these ideas about the 
importance of tab activities. 

"The major purpose of the laboratory is to help students 
develop on appreciation of the spirit of science and an under- 
standing of scientific inquiry. To achieve these ends, the 
laboratory provides students with experience in collecting, 
systematizing, and discovering relationships among data in 
problem situations, and in using the results of their efforts to 
form concepts that in turn may furnish on interpretation of 
the natural world. This requires that students know more 
than answers^they must be able to distinguish between 



experimental evidence and personal opinion. Consequently, 
they must experience learning from observation and experi- 
ment^ rather than from so much assertion and rate. Students 
also need to understand the relationship between the content 
of a subject and the process by which knowledge comes into 
existence and gets verified.** 

Basically, the goals of learning in the laboratory 
can be summarized in four statements. 

It is a place where students engage in a human 
enterprise of examining and explaining phenom- 
ena. 

It is an activity that provides an opportunity to 
learn generalized systematic ways of thinking that 
should transfer to other problem situations. 

It provides experiences that should allow each 
student to appreciate and to a degree emulate 
the role of a scientist. 

The result of a laboratory instruction should be a 
more comprehensive view of science to include 
the orderliness of interpretations of nature and 
the tentative quality of its theories and models. 

Many activities may be classified as lab experi- 
ences. A student who mixes grape juice and 
chocolate milk together to see what happens is 
experimenting even though he has no controls, 
no plans for making observations and probably 
will not draw any conclusions. Experiments may 
be complex attacks on problems. The simpler 
experiments are important because the approaches 
used are more readily adapted to everyday situa- 
tions students encounter. Highly formal experi- 
ments hav? little application in the lives of young 
people. 

Many science teachers restrict the term expert* 
ment to the type of investigation called a con* 
trolled experiment. In this type work every effort 
is made to control the factors involved. All fac- 
tors but two are held as nearly constant as 
possible. Of the remaining two, one is varied and 
its effect on the other is determined. Many activi- 
ties carried on in science laboratories and labeled 
experiments are no more than exercises with 
laboratory equipment. Some are designed just 
for this purpose, to familiarize pupils with cer- 
tain pieces of equipment or with skills or specific 
principles. 

The main difference between an experiment and 
an exercise is the information given to the stu- 
dents. In an experiment a student does not know 
what the results of efforts will be. In an exercise 
the student is told what the outcomes should be 
and how to attain them. 
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Standardized lab exercises are often misused 
because of the ease with which they may be 
conducted. The teacher needs only to provide 
the class with materials and directions and after 
this is done a few times, he or she is able to an- 
ticipate most of the difficuhies students will face 
and needs to give little attention to the class during 
their work. Conscientious teachers, however, rec* 
ognize the strengths and limitations of this type 
laboratory exercise. They may use them to enrich 
the program, but they provide other types of activi- 
ties as well. 

Scientific experiments, created and carried out 
by the pupils themselves, involve high level 
thinking. Students gain practice in recognizing 
and defining problems. Their ingenuity is chal- 
lenged and exercised in devising methods of 
approach to a problem. Many students are not 
ready to undertake this type work, but are inter- 
ested in following up suggestions given by the 
teacher or in reading outside materials. If allowed 
to work independently, they will gain experience 
and as they mature they, too, may undertake 
original research. 

Many students lack ability for original work. 
These learners benefit most from standardized 
lab exercises by learning to follow directions, 
keeping good records and taking responsibility 
for careful work. 

Teachers must expect to plan most of the labora- 
tory work done in secondary school science. 
Newer science texts have accompahying lab man- 
uals with various activities included. Publishers 
have also provided teachers with lab books to 
supplement their teaching regardless of the text 
being used. They are unquestionably time savers, 
but they are not necessarily efficient. Manuals 
tend to stereotype the lab program. They usually 
work toward uniform outcomes and do not pro- 
vide for students with special interest and abilities, 
and make little or no provision for independent 
thinking. The use of lab manuals is justified in 
some situations but should not be the sole source 
of laboratory activities for the science classroom. 

Regardless of the source of the laboratory activi- 
ties, the teacher needs to carefully analyze the 
planned activity following these points. 

1. Is the purpose easily understood? 

2. Can cSear-cut directions be given? 



3. Are the procedures simple and direct? 

4. Can results be obtained within a class peridH 
or suitable length of time? 

5. Are the materials familiar to students? 

6. Are the materials available? 

7. Are applications of the findings obvious? 

The selection of laboratory activities should be 
influenced by the need for concise, clear-cut 
directions. Many activities fail because the direc- 
tions are too complex for students to follow. In 
some cases the teacher may want to rewrite and 
distribute directions for a particular activity. 

Another factor is the length of time needed to 
attain results. Student attention will drift mark- 
edly after 15 or 20 minutes of one type of activity. 
Dead intervals may also occur. Serious problems 
of discipline can arise while students are waiting 
for water to boil or for ftkration to be completed. 
When these types of activities are necessary it 
may be wise to provide supplementary activities 
to fill the time. 

Make use of commonplace and familiar items. 
Students feel at ease with such materials, and 
they see the applications of their work to every- 
day situations more clearly — and may even see 
possibilities for doing similar experiments at 
home. 

Independent Science 
Learning 

Independent lab activities give students certain 
benefits that are not permitted by uniform lab 
assignments. Teachers, however, must know their 
students well before attempting to set up com- 
pletely individualized lab activities. Individualiza- 
tion may begin in a limited way almost from the 
beginning of the school year. Students who show 
a special talent may be encouraged to begin work 
on a special problem. Individualization of lab 
work demands the teacher have a great deal of 
flexibility. 

Lab work is best when each student is allowed to 
manipulate materials. Most students, however, 
prefer to work in groups and this is a definite 
advantage. Students working in pairs share ex- 
periences even though one may dominate the 
other to some extent. When students work in 
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three's or l^urger groups some find it impossible 
to work with the actual materials. One student in 
each group is usually aggressive and dominates 
all activities. This leaves the others with little to 
do except observe passively, take notes or wan- 
der around the room. Careful planning is needed 
to provide worthwhile activities for each student 
in larger group settings. 

During the actual lab period, after purposes have 
been defined and procedures outlined, the place 
of the teacher becomes a manager-facilitator. 
The teacher should move from group to group 
giving encouragement and clarifying procedures, 
but the teacher's presence in the classroom 
should not be required for the successful comple- 
tion of the lab activity. The teacher should try to 
avoid interrupting the work of the class with 
announcements. When this happens the prog- 
ress of activity will be broken and more often 
than not, time and continuity are lost. 

Record keeping is important and th.?re are many 
different ways students may keep records of their 
lab activities. Simple experiments need only sim- 
ple records. Labeled diagrams are often sufficient, 
as are graphs and tables with or without addi- 
^ tional notes. Duplicated sheets for use when col- 

lecting large amounts of data can be time savers. 
These sheets may also contain directions for gath- 
ering the data. However, such sheets encourage 
mechanical procedures and may discourage indi- 
vidual initiative. 

Data are collected so that questions can be 
answered. Summaries and conclusions may be 
made orally, by filling in data on charts or by 
setting up exhibits. Conclusions should be lim- 
ited to the conditions under which the experi- 
ments were carried out. Students should be urged 
to gather as much data as possible before draw- 
ing conclusions. When time is d factor they may 
pool their data to provide a broader base on 
which to draw conclusions. 

Finding time to prepare for laboratory experi- 
ences can seem nearly impossible. The first step 
to solve this problem is to realize that the teacher 
does not need to do everything personally. Stu- 
dents may be assigned to the teacher to serve as 
laboratory assistants. Some students currently 
enrolled in the course are sometimes capable of 
preparing materials such as mixing solutions, pre- 
paring culture media, wa^^hing glassware and 
duplicating work sheets. Students can also take 
on the responsibility for bulletin boards and car- 
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ing for plants and animals. 

A most frustrating time for a science teacher 
occurs when the lab does not work the way it is 
supposed to. It takes a quick-thinking and inno* 
vative teacher to turn disasters into learning 
experiences. Teachers who understand science 
know the failure of an organism to respond, or 
the unexpected contamination of a culture should 
not imply that an experiment has failed. Seeking 
a reason tor failure may provide a greater chal- 
lenge and learning experience than would have 
occurred if the experiment had turned out cor- 
rectly. 

Another problem with conducting labs is that 
students do not like to prepare lab reports and 
teachers do not have enough time to read them. 
There is no reason why every lab exercise must 
be analyzed in writing, especially if the report is 
only a list of answers to questions in the text. 
Students need some mechanism for reviewing 
their experiences. An alternative to the written 
report is discussion. Students can tell what they 
did and listen to results of other teams and go 
beyond the concrete experience of the laboratory 
to the higher levels of synthesis and analysis. 

This leads to another problem. If there is no writ- 
ten report, how are the students to be graded? A 
trained professional teacher should be able to 
recognize and evaluate learning behaviors. Ob- 
servations collected as part of the daily class rou- 
tine can serve as a guide for helping students 
learn more effectively. The teacher's Judgment of 
a student's attitudes, work habits, scientific ap- 
proaches and communication skills can be just 
as objective as the percentage of questions an- 
swered correctly on a lab report. The teacher 
might keep a log or journal on a student behav- 
ior in the laboratory — try to avoid the negative, 
but note the positive responses that students 
make to laboratory experiences. 



Sharing the Laboratory 

A problem that a lot of older schools have is the 
lack of lab facilities. The teacher might begin to 
resolve this problem by checking the possibility 
of sharing lab space with other teachers. If there 
is no lab room available, be inventive. Carry water 
in buckets or pans. Use protective plastic on the 
floor and desks when chemicals are being used. 
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Use alcohol burners instead of Bunsen burners. 
Try to work with the administration to plan 
modifications of a classroom to make lab work 
possible. 

A more common problem teachers face is the 
lack of adequate equipment and supplies and a 
limited budget to buy consumables. First, try to 
convince the administration to reevaluate bud- 
get priorities to make more items available. If 
that does not work, seek help from students, other 
teachers and administrators to find ways to obtain 
simple equipment and supplies. Use table salt 
instead of sodium chloride. Brown sugar, fruc- 
tose or molasses can usually replace sucrose. 
Babyfood jars can take the place of beakers and 
olive jars can substitute for test tubes as long as 
they are not to be heated. Milk cartons from the 
cafeteria make pots for growing seeds or contain- 
ers to hold things. Unflavored gelatine can be 
used instead of agar. Use pie plates and baking 
dishes instead of Petri dishes. Make collecting 
ne*s from discarded pantyhose. Local green- 
houses may be a source of free plants. 

Try to look for lab exercises that require little 
equipment and few supplies. Most curriculum 
developers are well aware of budgetary con- 
straints and many good labs are being written 
with the intent of reducing materials and keep- 
ing expenses at a minimum. (Some ideas for very 
inexpensive labs may be obtained from Science 
On A Shoestring by Herb Strongin, Addison- 
Wesley. While this book was intended for grades 
K-7 there are labs described that might be used 
in the high school.) 

There may be other problems in trying to carry 
out laboratory activities, such as lack of storage 
space, need to move experimental setups from 
one room to another, vandalism, theft of expen- 
sive equipment. But in spite of all of these prob- 
lems, students and teachers generally agree that 
lab activities are truly worthwhile. 



Evaluation and 
Feedback 



One of the important tasks all teachers face is 
{\m\\ of settMiq standards for students and evaluat- 
ing those stud* nts to determine the degree to 
which th(> standards havt* been met. livaluation 



of student learning has informational as well as 
emotional consequences that influence students' 
learning and attitudes toward the learning pro- 
cess and themselves. 

A defined performance standard sets the crite- 
rion forjudging learning and instruction. Perfor- 
mance standards need to be set at frequent inter- 
vals during instruction. Student performance at 
the end of a semester or quarter tell teachers and 
students whether the learning and instruction 
were effective. A performance standard used as 
part of the instruction process lets the teacher 
know the extent to which learning and instruc- 
tion were effective and the likelihood that future 
instruction and learning will also be effective. A 
preset, explicit standard tells students whether 
they have reached the goals set by the teacher. 

Higher standards result in higher cognitive out- 
comes of some classes. But when standards are 
set too high student attitudes and interest in sub- 
ject matter decrease. Most researchers do not 
regard 100 percent mastery of the materials as a 
necessary standard in the classroom. The stan- 
dard should be determined by the level of achieve- 
ment on one unit of learning which is necessary 
to assure student success on a subsequent unit. 

Feedback tells students and teachers what has 
or has not been achieved in relation to a defined 
standard. When used only at the end of a semes- 
ter or quarter, feedback has little value in improv- 
ing student learning or teacher instruction. Errors 
have already accumulated and students may be 
less motivated to do something about the misun- 
derstood or unlearned material. If feedback infor- 
mation is used after a long period of time it is not at 
all practical for the teacher to alter or strengthen 
the instruction or the inslructional material. Tim- 
ing is, therefore, essential to an effective use of 
feedback. 

Feedback information should probably be pro- 
vided to students at scheduled and d<?fined points 
in a sequence of learning units, typically a period 
of about two weeks. At the end of the period 
feedback is gathered with the use of formative 
tests on the major objectives of the unit to help 
students determine what they still must learn. 
Assignments such as writing an essay, planning 
a project or experiments and observations may 
also be sources of feedback. Further, every ques- 
tion that a student asks or answers in class could 
indicate that the studerjt either has difficulties or 
has reached an expected standard. 
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Science teachers usually evaluate students through 
the use of tests and laboratory reports, although 
other ang^s can be included such as notebooks 
and class participation. Teacher-made tests 
should stress the higher cognitive levels of Bloom's 
Taxonomy. They should be constructed from the 
teacher's list of behavioral objectives so that the 
evaluation will measure what was considered to 
be most important in the learning process. 

Because mathematics and graphing are a large 
part of science, tests should use as many of these 
tools as possible. A good technique to determine 
if students understand graphing principles is to 
have them complete or devise a graph. 

Competition and matching tests should be dis- 
couraged because of their emphasis on simple 
recall. Problem tests place more emphasis on 
self-instruction and can be used to motivate class 
discussions. In constructing a test the teacher 
should make a careful determination about how 
long the test will take to be completed and to 
make assignments for those who finish before 
the ting period ends to avoid discipline prob- 
lems. 

Feedback information can be effective if it is fol- 
lowed by corrective measures. Corrective proce- 
dures clear up misunderstandings students have 
already learned and allow them to relearn any- 
thing they have forgotten or failed to learn in the 
first place. One corrective procedure is to allow 
students to review the same content material as 
previously used, although reviewing the same 
material may reinforce the same mistakes and 
misunderstandings. Another corrective procedure 
may be the use of alternative instructional mate- 
rials and methods. In some cases these materi- 
als may be used by the students following teacher 
review and explanation regarding the items mis- 
sed by the majority of students. The most effec- 
tive corrective procedure involves small study 
groups of two or three. Students find the ques- 
tions they missed, and the students who answered 
them correctly take turns explaining the correct 
answers. If all students in a small group answered 
a question incorrectly, they refer to supplemen- 
tary materials or seek help from the teacher or 
another group. 

Students who have more self-confidence and a 
qreater desire to learn become more involved as 
llu'v |)rf)9ress in their learning. Soon they need 
less external help to reach a defined standard 



and may even take over the corrective proce- 
dures themselves. Effective use of feedback- 
corrective systems help teachers develop more 
confident students who not only achieve at higher 
levels but also who learn how to learn. 

Teacher Evaluation and 
Certification 

It is difficult to evaluate teachers. Are they to be 
evaluated by their relationships with administra- 
tors? How should appearance be rated? Are 
teacher memberships in professional organiza- 
tions important? If so, should the number of mem- 
berships be more or less important than partici- 
pation in the organizations? These traits must be 
clearly defined in an evaluation instrument, 
whether it is a self-evaluation or one to be com- 
pleted by others. 

The Georgia certification policy states that begin- 
ning teachers will be evaluated in two ways. First, 
they will pass a criterion-referenced test (the sci- 
ence test includes questions in biology, chemistry, 
earth science and physics). Second, they will 
score satisfactorily on an on-the-job assessment 
to be professionally certified to teach. 

The Teacher Performance Assessment Instrument 
(TPAI) includes 20 competencies in five separate 
instruments: Teaching Plans and Material Instru- 
ment. Classroom Procedures Instrument. Inter- 
personal Skills Instrument. Professional Stan- 
dards Instrument and Pupil Perceptions Instru- 
ment. The evaluation using these instruments 
involves a peer teacher, the principal and a staff 
person from the regional assessment office, all of 
whom have been trained in data collection pro- 
cedures. 

The teacher's initial certificate is issued to an 
applicant upon attainment of a passing score on 
the appropriate criterion-reference test and on 
completion of a bachelor's or master's degree 
from an approved teacher education program. A 
part of that teacher education program is that 
the applicant must have demonstrated a satisfac- 
tory performance of the TPAI: Student Teacher 
Form during th'.* student teaching experience. 

It is beneficial if. on( e in a while, a teacht'r does 
a self evaluatioh. The National Science Teac hers 
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Association lias developed a package of assess- 
ment instruments — **Our SchooPs Science Cur- 
riculum/' ••Our School's Science Teachers/' 
**Scien?o Student Teacher Interactions in Our 
School, **Scjence Facilities and Teaching Con- 
ditions In Our School/' These could be of invalu- 
able help in determining the effectiveness of a 
school's science program and showing areas 
where change is needed. 

But adequate preparation, certification and eval- 
uation techniques do not make a professional. 
The National Science Teachers Association has 
summarized its beliefs about the professionalism 
of science teachers. 

The professional science teacher (a) is well-educated in 
science ami the liberal arts; (b) possesses a functional phi- 
losoph\f of education and the technical skills, (c) continues 
to grow in knowledge and skill throughout his career, 
(d) insists on a sound educational environment in which 
to work, (e) maintains his professional status, (f) contri* 
butes to the improvement of science teaching, (g) takes a 
vital interest in the quality; of future science teachers. 

Opportunities for professional growth are many. 
Graduate work, in-service workshops and in- 
stitutes, committee activity — especially those 
involving curriculum development and evalua- 
tion — reading professional journals and scientific 
publications all help the science teacher reevalu- 
ate his or her effectiveness and keep abreast of 
new developments in science education. Member- 
ship in such professional organizations as the 



National Science Teachers Association, Ameri- 
can Association of Physics Teachers, American 
Chemical Society, The National Association of 
Biology Teachers serve the science teacher in a 
variety of ways. Attendance at periodic meetings 
develops a sense of sharing and togetherness, 
the stimulation of meeting professional co-workers 
and gaining new ideas. The professional journals 
offered by these organizations provide a source 
of teaching ideas as well as ideas for improve- 
ment in classroom teaching techniques, materials, 
apparatus, resource books, information about 
scholarships and contests for students and 
teachers. 

Being a science teacher is more than showing up 
every day before a class of students sitting in a 
''science" classroom. It is more than knowledge 
about science, being able to plan, use different 
methods and being enthusiastic about teaching. 
Being a science teacher means — 

• Courage to continue your professional 
growth. 

• Commitment to doing a better job tomor- 
row. 

• Competence to fulfill your professional 
duties. 

• Compassion toward your students. 

• Caring for your own dignity, integrity and 
worth and for the dignity, integrity and worth 
of those in your care. 



Using Bloom's Taxonomy to Classify Questions 



Classification 

Knowledge 
Synthesis 

Application 

Analysis 

Comprehension 
livaliiation 



Sample Question 

How many legs has an insect? 

What hypotheses would you make 
about this problem? 

Knowing what you do about heat, how 
would you get a tightly fitted lid off a 
jar? 

What things do birds and li/ards have 
in common? 

Operationally define a maqnet. 

If you were goiny to repeat the ex- 
periment, how would you do it better? 

What is your interest in earth scienc e 
now compared to ivhen you l)egan the 
course? 
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Chapter VI 



The Evaluation 
Process 



Evaluation is an integral component of science 
curriculum development. This section of the sec- 
ondary science guide presents an overview of eval* 
uation applied to science student progress and 



programs of study. Major evaluation concepts 
are presented with suggestions for curriculum 
directors and teachers who wish to assess sci- 
ence program outcomes. 



Variables 



One of the greatest potentials for improving sci- 
ence programs lies in the wise use of data col- 
lected on many educational variables. Three logi- 
cal categories of educational variables include 
input, process and output. Measurements on 
selected variables in each category provide use- 
ful information regarding adoption, adaptation, 
anjHniplementation of secondary science pro- 
grams. 



sure input variables and to keep accurate records 
often leads to defeat of new program proposals. 
Disregard for assessment of input variables may 
result in funding cuts for established secondary 
science programs regardless of inherent value or 
promise to meet approved goals and objectives. 

Process 



Input 

Input variables include program design, finan- 
cial resources, physical facilities and materials. 
These variables are the given conditions upon 
which science pYograms are developed and im* 
plemented. It is within the parameters of these 
variables that curriculum directors seek adminis- 
trative support for science program development 
and implementation. 

Funds are appropriated with some assurance that 
they are essential and are to be used solely for 
the attainment of program goats and objectives. 
Based on this premise, the science curriculum 
coordinator must be able to maintain records of 
present and anticipated costs. Failure to mea- 



Process variables include ongoing activities such 
as teacher performance in the classroom and 
utilization of science materials and resources. 
Because they are generally recognised as valid 
indicators of performance, the items in the 
Teacher Performance Assessment inatru* 
menta can be used as a measure of one process 
variable. Many instruments are described in the 
literature on teacher performance and can be 
adapted to virtually any science program. 

Data on process variables can be used to identify 
relative strengths and weaknesses in teacher as 
well as administrative performance. These data 
can become the basis of well planned staff devel- 
opment activities. Effective staff development 
activities can, in turn* address areas of need thus 
strengthening the secondary science program. 
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Output 

An abundance of information can be garnered 
firom output variables. These variables include 
cognitive, psychomotor and affective student 
performance. 

Cognitive domain. Measures of cognitive 
performance indicate the degree to which stu- 
dents exhibit knowledge of factual information. 
It can also indicate the degree to which students 
can apply problem solving skills, synthesize infor- 
mation and make judgments. Detailed descrip- 
tions of various levels of cognition and sugges- 
tions for developing appropriate instruments are 
not to be overlooked by enthusiastic curriculum 
directors and science chairpersons. 

Psychomotor domain. Data on the psy- 
chomotor variable are helpful to curriculum direc- 
tors and classroom teachers. Student perfor- 
mance which requires a large degree of hand-eye 
coordination may be considered as psychomotor. 
Instruments designed to collect data on the psy- 
chomotor variable may, for example, measure 
student ability to construct laboratory equipment. 
Other activities which are directly or closely 
related to psychomotor performance include 



making and recording observations, using meas* 
uring instruments, making graphs and properly 
using laboratory materials such as solvents, acids 
and other chemicals. Specific suggestions for con- 
structing items designed to measure performance 
on the psychomotor variable are available 
through some county professional libraries, many 
public libraries, and all college libraries. 

Affective domain. In addition to the cogni- 
tive and psychomotor variables information can 
be obtained from the affective domain of student 
performance. The affective domain includes feel- 
ings, attitudes, and value systems. Teachers and 
curriculum directors would be wise to develop 
instruments to measure the effects science pro- 
grams have on students' attitudes and prefer- 
ences. The importance of this task lies in the fact 
that teacher performance, texts, and science pro- 
grams project their own values. Not only are mea- 
sures of affective performance essential compo- 
nents of the evaluation process, they provide data 
on the nature of values and their effects on sec- 
ondary science students. Such data may be 
required by parent groups or boards of education. 
Several excellent publications address the prob- 
lems and promises of affective measures. 



Measuring 
Student Progress 



Instructional and supervisory personnel have a 
genuine interest in student progress. However, 
roles in the evaluation process differ substantially. 
A curriculum coordinator, for example, will spend 
much time and energy on ascertaining the degree 
to which students are progressing with regards 
to systemwide science goals and objectives. On 
the other hand, teachers find themselves directly 
involved with the task of developing instruments 
sensitive enough to measure the degree to which 
their students are attaining goals and objectives 
for a given instructional unit. 

A common task for science teachers as well as 
curriculum directors is that of determining and 
clearly stating goals and objectives. This task is 
a prerequisite function to the construction of 



teacher-made tests or the selection of standard 
ized tests. 



Goals 

Goals are broad statements of ideas and values. 
(14) They may originate from within the school 
community or they may be adopted from sources 
including the American Association for the Ad- 
vancement of Science, the National Science 
Teachers Association and its affiliates such as 
the National Association of Biology Teachers. 

An example of a goal for secondary physics or 
chemistry could be expressed in the following 



ERLC 



62 

5lJ 



manner. **Students will know when and how to 
use precision measuring instruments." Although 
the goal statement doesn't name the specific 
measuring instruments or tell how they are to 
be used, the goal does state that students will 
certainly know when and how to use the instru- 
ments. Objectives, in contrast to goals, specify 
the instruments as well as state the degree of 
precision expected by students. 



Objectives 

Objectives are more specific than goals in that 
they state what the student should be able to do 
as a result of having received instruction and 
laboratory experiences. Objectives are usually ref- 
erenced to student performance rather than 
teacher performance and are referred to in the 
literature as behavioral objectives. 

Behavioral objectives state what students will do, 
the conditions under which students will perform 
and how well students must perform. Consider 
the following example. 

Using an analytical balance, student will be 
able to weigh the total mass of three unknown 
samples. There will be two opportunities in 45 
minutes to report the correct ( ± .009 g) mass. 
Incorrect results on a second attempt will result 
in a grade of "U." 

Analysis of the objective yields the following 
components. 

• Observable performance — weigh 

• Conditions — using analytical balance. 

three unknown samples, 
two opportunities, 45 min* 
utes 

• Criterion — * .009 g 

Observable performance^ This aspect 
of behavioral objectives forces the teacher to 
clearly specify what the student can be observed 
doing. For exampl!<>, a student can be observed 
breaking and fire polishing glass rods. These are 
therefore, observable terms. Some common in- 
finitives include to write, to list, to spell, and as 
seen in our example, to weigh. Actually any word 
may be used if it denotes a clearly observable 
behavior or can be defined operationally. Addi- 
tional examples may be useful to teachers and 
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curriculum directors who wish to begin or con* 
tinue to upgrade course syllabi. 

Conditions^ Conditions of performance refers 
to materials needed by students to perform the 
objective. Time and place should also be included 
as part of the conditions for performance. A clear 
statement of conditions is essential when there 
are circumstances not normally considered in 
classroom or laboratory activities. For example, 
many grade related problems can be avoided by 
letting students know the number of opportuni- 
ties and the amount of time they have to com- 
plete a task. 

Criterion^ A criterion is the degree to which 
performance must occur before one can say that 
an objective has been attained at a minimum 
level. The minimum level may not be the same 
for every student; it may be higher for some 
students. The point is that an absolute minimum 
level of acceptable performance must be stated. 
If performance falls below the stated level, the 
performance is judged as inadequate and the 
objective is not attained. 



Types of Tests 

Measuring student progress requires that deci- 
sions be made regarding the type of test to be 
developed or purchased. For example, if a teacher 
wishes to select students for an advanced sci- 
ence course the referent may be the group's arith- 
metical auerage. In this case, the teacher might 
consider a norm-referenced test. Such tests are 
generally designed to discriminate amonig stu- 
dents and to spread scores over a normal distri- 
bution. This is the appropriate type of test if there 
is a need to compare a student's achievement to 
a group norm. 

When the test referent is a specified performance 
criterion, the test is referred to as a criterion- 
leferenced test or CRT. Teachers who use CRTs 
are not comparing an individual's performance 
to a national or local norm. On the contrary, the 
teacher is assessing what has been learned with 
reference to some previously stated performance 
level. For example, a student may attain an objec- 
tive by correctly writing the names of 40 chemi- 
cal elements when given their symbols. In this 
example the criterion is 40 correctly spelled 
names. The criterion is not dependent on what a 
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student's peers may have done in terms of a class 
mean or average. 

Secondary science teachers and curriculum direc* 
tors should take note of the advantages of CRTs. 
Although NRTs are widely used, the value of 
using CRTs is notably appreciated in efforts to 
determine the effectiveness of a science program. 

A listing of many commercially published tests 
can be found in ail college and some public 
libraries. Information on grade levels, unit costs 
and extensive critiques are available from the 
same sources. Principles and procedures for 
selecting tests can be found. An especially useful 
document which lists and describes only stan- 
dardized science tests is available from the Na- 
tional Science Teachers Association. 



Vaiidity and retiability* When the type 
of test is selected and a specific instrument is 
being considered, the questions of validity and 
reliability are sure to arise. Basically, a valid 
instrument provides a measure of what the instru- 
ment is designed to measure. For example, an 
instrument designed to measure student knowl- 
edge of the development and function of the 
human skeletal system should not coniain items 
which measure knowledge of the development 
and function of the respiratory system. If the man- 
ual of a commercially produced instrument does 
not address the issue of validity or if there is any 
doubt as to an instrument's validity, don't use it. 

In addition to validity^ the manual of any com- 
merically prepared instrument should provide sta- 
tistical information regarding test reliability. 
Although there are different kinds of reliability, it 
is generally understood to mean that essentially 
the same results should be obtained from the 
administration of an instrument to similar groups 
of students under similar circumstances. That is, 
scores should not vary greatly between testings 
for similar groups when instruction and external 
conditions are the same. Formulas for comput- 
ing reliability coefficients and other statistics are 
explained in detail in some authoritative but inex- 
pensive publications. 

One way to enhance the validity of teacher-made 
tests is to construct test items which are keyed to 
behavioral objectives. A useful tool in this effort 
is a table of specifications. 



Table of Specifications 

A table of specifications (TOS) ties science sub- 
ject matter content to specified achievement 
categories. A TOS aids the teacher in making 
decisions regarding the balance of subject mat- 
ter to achievement categories found in corres- 
ponding behavioral objectives. These relation- 
ships are apparent in Table 1 which shows a 
TOS for a chemistry unit on compounds and 
mixtures. The focus is on five subject matter areas 
and three achievement categories. 

The TOS in Table 1 indicates that 14 items will 
test student ability to recall specific factual in- 
formation. Five of the 25 items will test for knowl- 
edge of specific facts regarding formation of 
compounds. Similar observations can be made 
about other subject matter areas and achieve- 
ment categories by looking at the number of items 
in each cell. Column totals indicate the relative 
emphasis on various achievement categories. The 
TOS in Table 1 does not contain a category 
related to the affective domain. This is not to 
suggest a fauky TOS. On the contrary, one can 



Table 1 

Table of Specifications for a 25 Item Test 
On a Unit in Inorflanic Chemistry 
(Compound and Mixtures) 

Subject Natter Selected Achievenent Categories 
Content Area. 

of basic 

facts and Problem Laboratory 
concepts solvins procedures 



Formation of 




compounds 


5 


Formation of 




mixtures 


3 


Physical prop* 




erttes of com* 




pounds 


I 


Chemical prop- 




erties of com- 




pounds 


2 


Chemical 




reactions 


3 


Number of Items 


14 
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only conclude that the teacher who developed 
this particular TOS did not wisfft«s^lude affec- 
tive items. It may be that such items were planned 
for a soon-to-follow test. It is wise however, to 
include one or more items of an affective nature 
at several points during a reporting period. 

There should be a positive relationship between 
emphasis on achievement categories and con- 
tent areas in a TOS and student activities as a 
part of classroom instruction and laboratory 
work. If this suggestion is followed, both validity 
and item construction are greatly enhanced. 

Item construction. A major pro )lem in 
item construction is writing items that arc rele- 
vant. Items should be relevant to the content area 
and achievement category. Strict adherence to a 
well-developed TOS provides assurance that 
efforts to this end will be well worth the time 
spent. 

The following steps should be useful as a guide 
to item construction. 

1. Develop a Table of Specifications (TOS) 

2. Select a cell in the TOS 

3. Refer to appropriate behavioral objective 

4. Decide on the item format (i.e.. True/ False, 
Multiple Choice, Matching, Essay) 

5. Write item keyed to appropriate behavioral 
objective 



Application of the five step plan to the unit on 
compounds and mixtures is illustrated in the fol- 
lowing statements. 



. . . TOS completed (See Table 1) 

. . . Cell selected (Formation of compounds/ 
knowledge of basic facts and concepts) 

. . . Objective (Differentiate between compounds 
and mixtures) 

. . . Item format selected (Multiple choice) 

. . . Item written 

Which one of the following is a com- 
pound? 

A. Ice cream 

B. Powdered sulfur 

C. Water 

D. Soil 



This procedure is repeated until the specified 
number of items has been written. Additional 
instruction on developing a TOS and construct- 
ing items using a variety of formats can be found 
in the literature. Many suggestions and exam- 
ples of item construction on various levels of the 
cognitive, affective and psychomotor domains are 
also in print. Procedures for refining items based 
on item analysis procedures should also be con- 
sidered. 
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Science Program 
Effectiveness 



Previous comments regarding student progress 
are also applicable to science program effective- 
ness. Two additional concepts which apply 
equally to measuring student progress and pro- 
gram effectiveness are formative and summative 
evaluation. These concepts give the curriculum 
director or external evaluator a broad perspec- 
tive of the evaluation process. 



Summative Evaluation 



A variety of experimental designs which fit within 
most of the seven-step procedure is descri^gdby 
Fitz-Gibbon and Morris. The designs incliide true 
control group with pretest-posttest or posttest 
only, nonequivalent control group with pretest- 
posttest, single group time series, nonequivalent 
control group time series and experimental group 
before-and-after. One or more of these designs 
are appropriate for providing evaluation data and 
conclusions for summative evaluation for any sec- 
ondary science program. 



Summative evaluation addresses the question, 
''To what degree have the goals and objectives 
of the science program been attained?" Results 
of summative evaluation are condensed into a 
summary of the program's accomplishments sup- 
ported by statistical and other evidence based on 
appropriate evaluation design. That summative 
evaluation parallels methodology common to 
good scientific research should make it ail the 
more attractive to curriculum directors and sec- 
ondary science classroom teachers. 

Step-by-step procedures for conducting summa- 
tive evaluation are indispensable to curriculum 
directors who are not evaluation experts. The 
following adaptation of a seven-step procedure 
developed by Tuckman should serve as an intro- 
duction to the major dimensions of summative 
evaluation. 

1. State science program goals 

2. State objectives in behavioral terms 

3. Select or develop valid tests keyed to objec- 
tives 

4. identify samples of students including ex- 
perimental, comparison or control or crite- 
rion groups 

5. Administer test(s) and collect data on input, 
process and output variables 

6. Analyze data using appropriate statistical 
procedures 

7. Make recommendations based on analysis of 
data 



Formative Evaluation 

Formative evaluation addresses the question, 
"How well is the on-going program operating as 
it attempts to meet its goals and objectives?'' 
Because formative evaluation is continuous, it 
provides feedback to the curriculum director and 
teachers about successes and difficuicies in pro- 
gram implementation as they occur. The feed- 
back is derived primarily from the following pro- 
cess variables — observation of support staff, 
program records and self reports. Methodology 
for measuring these variables are clearly out- 
lined and exemplified in Inexpensive sources. The 
Self-Assessment Kit published by the National 
Science Teachers Association is an excellent aid 
in formative evaluation. 

Although formative evaluation tracks program 
implementation and provides a record of the 
program's developmental history, it may also use 
some of the research designs frequently used in 
summative evaluation. Thus, curriculum direc- 
tors or other evaluators should become more 
knowledgeable of all the concepts presented in 
this section of the guide. More iriiportantly, cur- 
riculum directors are well-advised to begin mak- 
ing plans to measure the effectiveness of present 
science programs and, most certainly, to begin 
developing plans to evaluate prograj;ns antici- 
pated to be implemented in the fuinre. 

Lack of program evaluation in the past may have 
been due to inadequate resources and little time 



ERLC 



66 

63 



on the part of the curriculum director. Today, 
however, there are several evaluation resources, 
including consultants and agencies. 

Summary 

Evaluation of student progress and program 
effectiveness depends on valid and reliable infor- 
mation in input, process and output variables. 
An analysis of student achievement as an output 
variable reveals cognitive, affective and psycho- 
motor domains of performance. Instruments can 
be developed to assess student performance in 
all domains. A table of specifications aids in this 
effort by depicting the proportion of test Items 
keyed to various performance levels specified in 
corresponding behavioral objectives. 

Norm- and criterion-referenced tests are com- 



monly used to measure student progress and sci- 
ence program effectiveness. Tests constructed 
by teachers should reflect goals and objectives 
which are actually taught and embraced by a 
given program. If published tests are considered 
for adoption, efforts should be made to deter- 
mine their validity and reliability before they are 
purchased. Potentially useful test batteries and 
items are readily available through many sources. 

Formative and summative evaluation of science 
programs make use of information sources from 
input, process and output variables. Although 
summative evaluation places more emphasis on 
attainment of goals and objectives, formative 
evaluation provides program documentation and 
essential information on^ input and process vari- 
ables. Accurate and detailed descriptions of pro- 
gram implementation are essential if modifica- 
tions are expected to enhance secondary science 
program effectiveness. 
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Course Outline — Biology 



Course Objective 



Essential 
Skills Objective 



I. The Science of Biology 
A Deftnp Biology 

1. Identify major branches of biology. 

2. Relate applications of biological principals to everyday living. 

B. t)iscuss Scientific Methods 

1. State a problem and form an hypothesis. 

2. Given a ptoblem. construct a problem solving method. 

II. Elnergy and Matter 

A. iinergy 

1. Define energy operationally. 

2. List forms of energy and explain transfer from one form to 
another. 

3. Through an investigation, collect and record data and draw 
a conclusion. 

B. Matter 

1. Demonstrate the characteristics of solids, liquids and gases. 

2. Demonstrate the difference between chemical and physical 
changes. 

3. Construct a diagram of an atom. 

4. Compare covalent and ionic bonding. 

5. Record the symbols for the 10 most common elements in the 
human body. 

6. Distinguish between inorganic and organic compounds. 

7. Demonstrate the characteristics of solutions, suspensions and 
colloids. 

8. Demonstrate the presence of organic molecules by using 
chemical tests for proteins, carbohydrates and fats. 

9. Describe the activity of enzymes in living cells. 



I (ells 

A. Mtrrosr<»jH* 

1 Identify the brtsic types of microscopes. 

2. ()ernonstr<Ue the proper care, handling and storage of a 
niic rnscope 

3. Identify and discuss the function of the parts of the microscnpc. 

4 Preftare a wel motmt fjIkJe. 

5 Determine the magntfiratlon v microscope. 

6 CfilrulHtH the diameter of the field in microns. 

7 Describe the i haracteristit s and structure of an organism 
from a prepared slidp. 

H Strui tore 

1 Stcite c ontributions of Robert Hooke, Matthias Si MKmiIi'm. 
liieodorr Schwann 

2 F^cpiue Wi't mount slides of animal and plant ( ells and ( oni* 
f)fUe 

3 hiac)ram and label tiie ()<uts of a typical < ell 

1 Dcsi lilh- hiieflv the funt tinn of eai ii pait of the < ell 

T) I Hplain tlv « eti theciry 

(} Compare proittrvotii and eiuaryotit tells 



B2b 
A. Bla 



A. B9a-c 
A. y^ll 



B8a. Die. D56 
DM4. C6d 

A. B7c. B9a-c 



Bla. Clb 
BlOb. Cld. C2d 

Bllb. C2a. C2e. C5c 
C2d. C5c. CSe 
C2a. C5a. C5b. C5d 

C2f. C5d 
B8a. Cld. C4d 

BlOb-c. C2f 

C2f. C5d. i:ie. E:4b. E:4c, E6a 



Bla. B2b 
Bla 

Bla. B8a 
BlOb. Lba 
Bh . B5a 
Bh . B5a 
Bla. BlOii. I 6a 



r2a. t.2h. 1.2c 

Bla. B2a. B2b. t hh 

Bllb. r:2b 
f .2b. 1.2(. \ bi 
I 2a. f .2c, I fx 
I 2( . r.(>c 
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Course Objective 



C. Function 

1. Define homeostasis. 

2. Demonstrate how homeostasis applies at the ceil level. 

3. Demonstrate and explain osmosis. 

4. Compare active transport and pinocytosis. 

5. Predict direction of water flow, in osmosis, when concentra- 
tions are inside and outside of cell 

6. Demonstrate the production of carbon dioxide during cell res* 
piration. 

7. Order the stages of cell respiration and explain the function 
of ATP. 

8. Compare cell respiration and photosynthesis. 

9. State Watson's and Crick's contribution to cytology. 

10. Diagram and label a Watson-Crick Model of DNA. 

11. Describe the role of DNA, the ribosome, messenger KNA, 
transfer RNA and amino acids in protein synthesis. 

D Cell Division 

1. Order and describe the phases of mitosis. 

2. Order and describe the phases of meiosis. 

3. Compare mitosis and meiosis. 



IV, Genetics 

A. Describe Gregor Mendel's experiments with garden peas. 

L Discuss Mendel's three basic genetic principals. 

2. Discuss elementary probability theory and Mendel's results. 

3. Calculate monohybrid and dihybrid crosses using Punnclt 

squares. Give results in ratios. 

B. Define phenotype, genotype, homozygous, heterozygous and 
alleles. 

1. Compare dominant, recessive, iticomplete and codominance. 
2 Explain sex determination. 



3 [)em()nstrate the laws of segregation and independent as- 
sortment. 

4- Use Chi-square to determine the significance of differences 
^*etween observed and expected frequencies. 

5. Describe crossover and linkage. 

6. Explain chromosomal nondisjunction. 

C DImuss the contributions of Sutton. Morgan. Beadle and Tatum. 



1 Explain mutations and causes of niutations 



2. Define population genetics. 

* 3. ) torn d population (class) compute frequenc ies of some ge- 
netic characteristics (PTC responses, dimples, attached and 
nonattdched ear lobes, tongue rolling, etc.). 
4 l.xpldin the term genetic pool 

D. Name severdl syndromes caused bv nondisjunction of sex 
( hromosomes 



Essential 
Skills Objective 



E2a, E4c, E5a c 
BlOa. BlOb, Bllb, L5a 
BlOa. Bllb. E5a 
Bllb, E5a 

A, Bib. BlOa c. B4b. L5a d 

BlOa-c. C5d. E4a. E4b, E6c 

Ele, E4a. E4b. E6b. E6c 

B2b. Ele. E4a, Ebb d 

E2a-e 

E2a-e 

Ele, E2a-e, lAa i 



Bllb, Ele. E2a.e. E4a 
Bllb, tie, E2a.e. E4a 
Bllb. Ele. E2a e, E4a 



Bllb. Ela. E2e.g 

B4a. Ela. E2e.g 

A. B4a.b. B7a. Bllb. E2e.g 

A, i.2o*q, i;4a , . 

E2dg 

i:2d g 
f:2d.g 

i:2<l-g 

A. Bib. B3li. Bid 

L2b.g 
i:2b.g 

Bill). E:2f. {:2g 

i:2d. i:2e. 1 :4a. i:()d 

i:2d. I 2e f. l id. J 6d 
A. I 2f. I 4d. I 6d 

f 2t>-f. \ 4h 
Lid. \ 2v'i 
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Essential 
Skills Oblective 


1. Describe genetic diseases (sickle-ccll anemia. PVXl Tay Sachs) 
anQ ineir Laiiaes. 


Ela. E2e-f 


K. Conduct blood typing activities and demonstrate graphically 
the inheritance of blood type. 


A. Bib. B6b. Ejlb 


F. Debate the Nature Nuture issue. 


A. B3a, B4b. B9b. Ela. E2g. 
E3a-e. 


G. Debate the use of bioengineering as a means of improving 
human life. 


A, B3a. B9b. Blla. Ela. E3c. 
E4a 


H. Explain how plant and animal varieties can be improved by 
applying genetic principles. 


A. Ela. Elc. E3b. E4a 


V. Historical Variation 




A. Theories of Evolution 




1. Explain the main ideas in Lamarck*s theory. 


Boa-b. boa. boa 


2. Relate Lamarck's theory to the main ideas of Darwin's theory. 


B3a-b. E3a. E6a 


3. State the main ideas of the mutation theory. 


E2e.g. E6a 


B. Discuss evidence of common ancestry among animals. 


E2e-g. E6a 


C. Name the main geological eras and the dominant organisms- 
of each geological period. 


bla-c. boa 


D. Compare natural and artificial selection. 


E2a. E2e. E6a 


Vf. (3rganizatioh of Livmg Tilings 




A, Nomenclature 




1. Describe the contributions of Carolus Linnaeus. 


B2a-c. boa-d 


2- Use the binomial method of nomenclature to identify 
organisms. 

3. Order the classification hierarchy of categories. 

4. Discuss the basis of classification systems. 

5. Use a classification key to identify an oioanisui. 


B2ac 

B2a c. E6c 
B2a-c. E6a-d 
A, B2a i:. L6a d 


B. Microorganisms 




I. Explain the germ theory. 

2 List Koch's four postulates on germ theory. 

3. Describe the discovery of penicillin and relate to the 
scientific method. 

4. Describe how viruses were discovered. 

5. Explain the chemical make-up of viruses. 

6. Divide viruses into three groups classes and explain. 


Doa'D. L^ia. i^o\ 
B3a-b. Ela. Eh 
A. BMl. Ela. 1 Id 

Ela. Eld 
Ela. Elb 
BH). B2a. Lla 


7. Prepcue and present a report on a specific virus. 


B6a, B7a. B6c. Lid 
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Course Objective 


Eeseatlal 

SkiUs Objective 


C. Protista 






1. Schizomycetes 

a. Classify bacteria according to shape. 

b. List conditions needed for growth. 

c. Using sterile techniques* prepare a bacterial culture. 

d. Apply a staining process to bacterial slides. 

e. Compare a heterotroph to an autotroph. 

f. Discuss dormuncy and spore formation. 

2. Cyanophyta 

a. From direct observation, describe the characteristics of 
varieties of algae. 

b. Compare different species. 

3. Myxomycophyta 

a. Describe the life cycle of the slime mold. 

4. Eumycophyta 

CI. ^Ulll|iaic spvLlcs OI inolQ5> 

b. Explain the role of molds in the decomposition process. 

5. Protozoa 

a. List the characteristics of the four phyla of protozoans. 

b. Identify nine life processes in the Amoeba, Euglena and 
Paramecium. 

6. Name at least six ways in which Protista are beneficial. 




B2b. E2c 
Bla, E3a 

Bla, BlOb, E2b, E6b 
Bla. BlCb. E2b, E6b 
B2b. E2b * 
Bib. E2b 

Bla. Elb 

Bla. B2b. Elb 

Bla. Elb. Ele 

Bla. B2b. Elb 
A. Ela. Eld 

B2a 

B2a. Ela. Ele 
Ela. Eld. E3c 


7. Name the symptoms, diseases and treatment caused by 
one protist in each division of Protista. 

8. Explain the difficulty in classifying the protists. 




Ela. Eld 
t5Zc. bla. boa 


1/11 In* mB^aniF*%# 

vii. iiiveneoruies 






A. roritera 






- * r f^om observatioti, relate trtfuchire t>f sponges fc-function. - - - 

2. Name three typical sponges. 

3. Describe the support system of sponges. 

4. Name three ways in which sponges are beneficial to people. 




Bla. B2b. E6b 
Elb. E6b 
Ela. Elc. E3c 


B. Coelenterates 






1. Identify four basic characteristics of coelenterates. 

2. From observation of a hydra, describe five life functions of 
coelenterates. 

3. Name {hr^-coelef^terate^ and telf how peopte are affected 
by them. 




Bla. E6b 

Bla. Elb. E6b. E6c 
fcia.Eid.fc^r 


C. PIcityhelmlnthes 






1 From observing planaria. list three general characteristics of 
flatworms. 

2. Describe the life functions of flatworms. 

3 Identify several varieties and their effects on humans. 

4 Demonstrate regeneration. 




Bla. E6b 

Bla. Elb. E6b>c 
I^la. Eld. E3c 
BlOb. E4a. E6b 


f). Nematoda 






1 List seven basic characteristics of nematodes. 

ijiviinguisn oeiween parasinc and nonparasiic nematodes. 
3 Identify five common types. 

4. Mxpiain how nematodes affect plants and animals. 




Bla. E6b 
Ela. Eld. E3c 
Bla. Bib. E3c 
Bla. Ela. Eld. E3c 



^3 



Coarse Objective 


Essential 
SIdlls Objective 


E. Annelida 








1. From observing an earthworm describe the external anatomy 
of "true worms". 

2. Compare the circulatory and digestive systems to those of 
ine liaiworms. 

3. Compare terrestrial and marine varieties. 




« 


Bla. t:6b 
Bla. B2b. E6a 
Bib. E6c 


F. Mollusca 








1. List general characteristics of mollusks. 

2. Compare classes: symmetry, shells, habitats and life cycles. 

3. Enumerate ways in which mollusks are destructive. 

A OoL/olon A llct nf m/^llncLc iicofiil tf\ npnnip 
"T. L/cvcivip a \J» lliullUaHa uaciui i\J |icu|jic. 






Bla. E6b 
B2a, Ele 
Bla. Ela. E3c 
Ela Eld tSr 


G. Echinodermata 








1. Name the major characteristics of echinoderms. 

2. Compare radial and bilateral symmetry. 

3. Describe variations found among echinoderms. 

4. Name 5 common varieties. 

5. Determine the economic importance. 






Bla-b. E6b 
Ela. Elb 
E6b-c 
Bla. E3c 
Ela. E3c 


H. Arthropoda 








1. Name and give examples of each class of arthropods. 

2. Develop a chart to compare classes of Arthropoda as 
exhibited by defensive and offensive structures, life cycles, 
antennae and body structure. 

3. Discuss food getting and respiration. 

4. Explain the nutritional value of crustaceans. 






Bla. Bib. E6b 
Bla-c. Ele. E6r 

Eob-c 
Ela. E3c 


%J, Olalc auvai liayca aiiii uiauuvaiiioy ca \Ji cAvPancicii/iia. 

6. Describe complete metamorphosis. 

7. Discuss the importance of insects to people. 

- ^. State ttowTJhifroinones Tare u5cdi)ys<jciaMn5ects. " 
9. Explain the caste in a honeybee society and give significance 
of bee and wagging dances. 






Ele. E4a-c. E6b 
Ela. EU\ Eld, E3c 

Elei E6< ^ 

tij. Eld. t4a.c 


VIII. Chordata 








A. Hemichordata 








1. List characteristics. 

2. Name a typical variety. 






Bib. E6b 
Bib 


B. Cephalochordata 








1. List characteristics. 

2. Name a typical representative u( cepisaluchordates. 






Bib. i:6b 
Bib 


C. Urochordata 








1. List characteristics. 

2. Identify a typical urochordate. 






Bib. E.Gh 
Bib 


I) Vertebrata 








1. List seven classes of vertebrates and typical representative's 
of each. 

2. Name the specialized systems found in vertebrates. 

3. List three major characteristics of sharks, skates and rays. 

4. Identify internal and external organs of fish, 
a. Describe role of gills in respiration. 

1) Discuss the role of the heart in a closed rirrul.^torv 
system. 

( . E.xplain the opti( lobe of the brain and sight. 






Bla. HU). i.()b 

Bli). E.lh. E 6< 
E.(k 

e:6. 

E.6c. f 6d 
l.6i . E .6d 

1 ()h-d 
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Conrse Objective 



5. Describe spawning habits of fish. 

6. List five ways in whirh fish benefit people. 

7. List the orders of the class amphibia. 

a. Compare tadpoles and adult frogs. 

b. Differentiate between toads and frogs. 

c. Explain how amphibians are adapted for land and in 
water habitats. 

d. Identify external features of the frog. 

e. Describe adult heart of a frog. 

f. Explain the fertilization process of a frog. 

g. Distinguish between hibernaMon and estivation. 

8. List four orders of the class reptilia and name typical 
representatives of ec^ch. 

a. Relate internal o/gans of snakes to body functions. 

b. Differentiate between oviparous and ovovlparous snaites. 

c. Name four families of poisonous snakes. 

d. Discuss three ways snakes obtain food. 

e. Discuss adaptations of lizards to various environments. 

f. From direct observation, describe six external structural 
adaptations of turtles. 

g. Discuss importance of reptiles to people. 

9. Give three general characteristics of class aves. 

a. Discuss the metabolic process in birds. 

b. Distinguish between cold and warm bloodedness. 

c. Describe a bird*s heart. 

d. Explain weight reduction adaptation in birds. 

e. Identify the type of fertilization. 

10. List eight characteristics of mammals. 

a. Identify two orders of primative mammals and give 
examples. 

b. Discuss characteristics of sixteen orders of placental 
mammals and give examples of each order. 

c. Discuss tissue specialization. 

d. Explain patterns of parental care in mammals. 
Explain drives, instincts and reflexes in animals. 
Demonstrate reflex responses. 
Discuss societal relationships in ants, herds, packs. 

terrestrial control and pecking orders. 
Discuss instincts in spawning, courtship, migration. 
Iiibernation and estivation. 
15. Idenliiiy c'omn)uiiicatiQaie£hniaues. ph£rDmoii£:s. 

echoes, bioluminescence. navigation and biological clock. 



Essential 
Skills Objective 



U. 
12 
13 

14 



IX. Momo Sapiens 
A. Digestive System 

1. Define bod. 

2. CIrissifv food substances and organic nutrients. 

3. Measure the number of calories in a food sample. 

4 Describe fiiru ttons of tlie mouth and esophagus in digestion. 

5 Show why starch must be digested. 

6 i xplain digestive prmesses which take place in the stomach. 
7. Describe the role of the small intestine in digestion. 

8 a Name the roles of the liver and gall bladder. 

h I ist dlqestlve en^vnies and indi<'ate prodiu ts of their 
rea< tion. 

I . Desc ril>e fu>u/ a!)s()rpti()n takes place. 

9 Debate food fads, fail and fiction 



Ela. Ele. E4a 
Ela. E3c 
Bla-b. E6b 
Ela. E6a-c 
Bib. Ela 
E6b-c 

Ela. E6c 
E6b, E6c 
Elb. E4a. E6c 
E4a. E5a 
Bla-c. E6b 

Bid. E6c 
E6b.c 

Bib. E3c. E6b 
Ela. E6b-c 
E3a. E6b.c 
Bla. Elb. E6b-d 

Ela. E3c.e 

Bla-b. E6b 
Elb. E6b.c 
Bib. E6b 
E6b.c 
E6b.c 
E4a. E6b-c 
Bla. E6b 
Bib. E6a 

Bla c. E6a 

E6a-c 

Ela. Ele. E6c 
E2a. E4c. K6c 
Elb. E6b 

Bla. B7a. Ela. Ele, i:4a 
Ela. Elc. E4a. E6a 
Lla, L4<i. IC6c 



D9a.b, E:3d 
D9a-b. L3d 
A, B5a. B7a. D9.i 

Elb. E4b. E6c 
BlOb-c. Elb. E4d. t 6b 

Elb. !:6b.r 
1 lb. E6b.c 
l.6b.c 
i;()l>.c 

f:ib. i:5a. IMy-v 
E3< d 
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Course Objective 


EtMiitial 
Skills Objective 


B. Transport 




1. Diagram and label part of the circulatory system. 

2. Compute the pulse rate from a series of readings. 


Bllb. Elb. E6b 
B5a. E4d 


3. Identify locations of heart valves and iheir functions. 

4. Trace the flow of blood into and out of the heart. 

5. Describe plasma. 

6. Describe three types of blood cells and their functions. 

7. Describ'j the role of the lymphatic system. 

8. Name various organic and inorganic substances carried by 
tfie blood. 


P 1 h PAK r» 

CID, COU'C 

E6b-c 
E6b 

Bla. E6b-c 
Elb. E6b-c 
C5d. D9a. Elb 


C. Respiration 




1. Name organs involved in respiration and the function of each. 

2. Describe breathing. 

3. Measure lung capacity. 

4. Distinguish between breathing and respiration. 

5. Describe carbon dioxide/oxygen exchange in the lung. 

6. Measuie the amount of exhaled C02- 

/■ i^iayiaiii iiiir sio^cs iii iiic liliil a^iu v>ywic. 


m 1 k p 1 k PA/^ 

Dl ID. ClDi C.OC 

Elb. E6b-c 
B5a b. E3c. E4d. E6c 
Cli. Ele. E6c 
Cli. Ele. E6c 
B5a-b. E3c. E4d 
Bllb Cli. Ele 


LJ> iMUsc^uidr oysiviii 




1. Identify three main types of muscles. 

2. Label the parts of a muscle on a diagram. 

3. Describe muscle function 

*t. i^ame aiiij ivc^aic Liiiiiiiiuii iiiu9(.ic9. 


Bllb. E6b 
BUb. Elb. E6b 
Bla. E6b-c 
Bla. Bllb. E6b 






1. Name five basic functions of the skeletal system. 

2. Relate three types of Joints to their functions. 

1 1 nnsktn r^riltskno atoag In rhilHron AnH AflllitG 
kji LfULdlc Laiilia^c Qicos III Liiiiuicii aiiii auuio. 

4. Label the major parts of a diagram of a skeleton. 


Bla, Elb. E6b 
Bla. Elb. E6b-c 
Bla-b. Bllb. E6b 
Bla. Bllb. E6c 


F. Excretory System 




1. Describe the lung as an organ of excretion. 

2. Identify the parts of a kidney and name the function of each. 

3. Relate the skin and liver to excretory processes. 


Elb. E6c 
Bllb. E6br 
Bllb. E6b-r 


G. Nervous System 




1 . Discuss two roles of the nervous system. 

^. v^Ompare syiTipcllllcllL anCJ paiasyilliialllcllL llciVcS. 

3. Diagram and label parts of the nervous system. 

4. explain grapnicaiiy iiie luiiLiiuiiiiiii ui a iicuiuii. 

5 Describe the regions of the brain and the functions of each. 

A r\i(favaw%fi^ta KofiifAon InKnrn An H Amiiirpii KpnAiiinT 
O. L/IIlcrc nilalc UclW«:cll IIIUUIII aiiu a(.i|uiicM uciiaviui. 

7. Discuss perception, learning and intelligence. 

8. Develop a report on the effects of drugs on behavior. 


Elb. E6b 

Kli) E6c 

Bllb. E6b c 

Bllb E2a-b 

Bllb. Elb. E6b.c 

Elb, E2e. E3d 

Elb. E2e. E3d 

A. Bla. B3a. Elb. Elk d 


9. Explain effects of alcohol on human body and behavior. 


A. Bla. B3a. Elb. b3c-d 


10. Discuss how smoking affects the human body. 


A. Bla. B3a. Elb. E3c-d 


11. Discuss receptors found in the skin and explain reactions 
to stimuli. 

12. Relate the senses of seeing and hearing to the nervous 
sysvem. 

13. Diagram and label the eye and the ear. 

14. l.(K*ate the taste receptors on the tongue. 


Elb. E6b-c 

Dl2e. Elb. 1 Sb t 

D12e. Elb, E6b.( 
Bid. Lib. i:6b.< 
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Course Objective 


Essentinl 
Skills Objective 




H. bndocrine System 






1. Construct a chart of endocrine glands showing where they 
are located and hormones produced. 

2. Describe the effects of hypo- and hypersecretions of glands. 

1. Reproduction and Development 


B2a, B6b. Elb. E6b.c 
Elb, E6b-c 




1. Identify the male reproductive organs. 


Bllb, Eib, E6b-c 




£>, i^ame ine maie normones anci uescrioe ineir erfects. 


Elb, E6b'C 




3. Identify the female reproductive organs. 


Bllb. Elb. E6b-c 




^« Li/i9LU99 iciiiaii: iivJiiiiuiics diiu ineii eiiecis* 


Elb, Eob-c 




5. Order and discuss the menstrual cycle. 


Elb, Ele, E4a. E6b 


- 


6. Explain fertilization including where * sperm 
and egg unite. 

7. Outline growth stages from conception to birth. 


Elb, E2a, E4a 
Bllb, E4a, E6b-c 




8. Describe embryonic,membranes and their functions. 


Bllb, E4a, E6b-c 




J. Social Diseases 






!• VJUIIvlll IIVCl 

a. Describe ymptoms. 


Ela, E2a. E3c 




b. Discuss treatment and resistance to treatment. 


Ela. E2a. E3c-d 


— 


2. Syphilis 
a. Describe the various stages. 


Ela, E2a. E3c.d 




b. Explain transmission and treatment. 

c. Describe what happens if syphilis is untreated. 


Ela, E2a, E3c-d 
Ela. E2a, E3c-d 




3. Herpes 

a. Describe the transmission and symptoms of the disease. 

b. Discuss treatment. 


Ela, E2a, E3c-d 
Ela, E2a. E3c-d 




X. Plant Kingdom 






1. From direct observation, describe the structure of mosses. 

2. Diagram and explain the life cycle and the meaning of "alter- 
nation of generation". 

3. Compare mosses and liverworts. 

4. Describe two characteristics of bryophytes that limit their 
size. 

5. Discuss the economic Importance of sphagnum moss. 


Bla. Elb. E6b 
Bllb Elb E6b-c 

Bla, B2a, E6b-c 
Ela. E3t 




B. Tracheophytes 






1. Ferns 

a. Compare the 'ife cycle of a fern to the life cycle of a moss. 


Bla. E6a, E6b 


— 


b. What advantages do ferns have over mosses? 
2. Gymnosperms 
d. Identify the characteristics of the gymnosperms. 

b. Define a seed plant. 

c. Name five common conifers. 

d. Describe the life cycle of the pine. 

e. Discuss the economic and environmental value of conifers. 


Bla. E6b-c 

Bla. Ela b 
E2a. E6a 
B2a. E2a 
Bla. Ele. f-6b 
riA ri# lit 
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Course Objective 


Essential 

Sliills ObJecHve 


3. Angiosperms 

a. Monocots 

(1) Give the basic characteristics of monocots. 

(2) Name some common monocots and their families. 

(3) Describe some uses of monocots. 

b. Dicotyledons 

(1) Give the main characteristics of dicots. 

(2) Name some typical dicc<s and their families. 

(3) Explain the economic >iiiportance of dicots. 

(4) Compare structures of monocot and dicot stems 


B2a. E6a. E6b 

R9h PAa l<Y«h 

Ela. E3c 

B2a. E6a. E6b 
B2b. E6a, B6b 
Ela. E3c 
A. BlOb. E6b 


C. Roots 




1. Diagram and label the parts of a typical root. 

2. Distinguish between tap roots and fibrous roots. 

3. Discuss anchorage, absorption and storage In roots. 

4. Identify basic types of roots. 

5. Explain the functions of various root tissues. 

6. Determine how roots grow. 


Bllb. E2a 

B2a. E6b 

E2a. E6b. E6c 

B2a. E6b 

E2a-b. E6c 

A. Bla. BlOb. E4b 


D. Stems 




1. Distinguish between herbaceous and woody stems. 

2. Identify the tissues within each kind of stem. 

3. Discuss conduction. 

4. Distinguish between phloem and xylem. 

5. Describe the differences between stems of monocots and di- 
cots. 

6. Name and distinguish between five kinds of modified stems. 

7. Distinguish between terminal and axillary budb. 


B2d. E6c 

R9a F9a Ffsc 

E2a. E6b-c 
B2a. E6c 
B2a. E6b-c 

B2a b. E2a. L4b 
B2b. E6b c 


E. Leaves 




1. Identify from direct observation the internal structures of a 
leaf. 

2. Identify the margin, venation, apex, base and shape in some 
common leaves. 

3 Demonstrate water loss through transpiration. 

4. Demonstrate photosynthesis. 

5. Identify 10 trees by leaf characteristics. 

6. Measure the growth rate of plant organs. 


Bla. B2a. Bllb. t6b c 

Bla. Bllb. l.bc 

A. BlOb. tie. L3e. t6c 
A. BlOb. Ele. E3e 
B2a c. E3e 
A. B5b. BlOb. L4b 


F. Flowers 




1. OtssrecT and Identifythe parts and functions nf a typical flowtT. 

2. Explain the function of a flower. 

3. Classify selected flowers as perfect, imperfect, complete, in- 
complete. 

4. Order the fertilization process from pollen grain to double 
fertilization. 

5. Compare self-poIlindtioi> and cross pollination. 

6. Describe germination of a pollen grain. 


A; Bla. httvr 

t.Za. i.Ol 

A. Bla. B2b. E6b.c 

i:2e. L2g. E6i).c 

E2e. E2g. EGh c 
Bla. F4h 


(i. Fruits and Seeds 




I. Compare the parts of dicotyledon and monocotyledon seeds. 
2 Demonstrate differences in growth of dicot and monoc ot seed- 
lings. 

1 ( ynl;iin thp fornirition (\i nfUit 

4 Show the floral parts still evident in a ripened fruit 

5 Classify plants as monocots or dicots according to leaf viMia- 
tion. vascular bundle arrangement and flower parts. 


Bla. B2b. t 61) 

Bla. B2a. BlOb. f 4b 

E4b. E6b ( 
Bla. F4b 
Bla. B2a c. 
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Course Objective 


Essential 
Skills Objective 


H. Plant Response 




1. Explain plant hormones. 

2. Demonstrate the effect of light on plant growth. 

3. Relate auxins to phototropism. 

4. Demonstrate the meaning of apical dominance. 

5. Relate gibberillins to plant growth. 

6. Explain photoperiodism. 

7. Demonstrate the effect of gravity on plant growth. 


Elb. E4b 

A. B4a. BlOb. E4c 

Fdh F6r 

Lf^U. [JUL 

A. BlOb. E2a. E4b 

P 1 k KT/IU 

ClD, L4D 

Ele. E6b 

A. B4a. BlOb. E4c 


XI. i'icology 




n> UlUiillra 




1. Name nine major biomes and give locations for each. 

2. Identify typical flora and fauna in each type of biome. 

3. On a map of Georgia locate five physiographic regions. 

4. Identify typical flora and fauna in each Georgia region. 


Bla. C3c. Ela. E3e. E4b 
Bla-b. Ela. E3e. E4b 
Bla. B7a. Ela. E3e. E4b 
B7a. Ela. E3e. E3c. E4b 


B. Ecosystems 




1. Define biosphere and ecosystem. 

2. Distinguish between the biotic and abiotic factors in an eco- 
system. 

3. Illustrate and explain the water cycle and how plants and ani- 
mals are involved. 

4. Explain the carbon-oxygen cycle. 

5. Discuss a balanced aquarium. 

6. Demonstrate CO2 production by plants and animals. 

7. Demonstrate the interaction of plants and animals in the CO^ 
cycle. 

8. Explain the nitrogen cycle. 


B8a. Ela. Eld. b3a 
B8a. Ela. E3a. l.3e 

Bllb.Cli.C3i.EIa.Ele.E3a. 
E3e. E5a 

Bllb.Cll.C5d.Ela.Ele.E3a. 
E3e. E5a 

A. Bllb. Ela. Elc 
A. BIOc. Ele. E3e 
A. BlOc. Ela. Elf. L3e 

Bllb, Ela. Ele. E3a. E3e.E5a 


C. Populations 




1. Distinguish between individuals and populations. 

2. Explain the S-curve population graph. 

3. Describe the four environmental factors which determine den- 
<iitV 4>f a population. - 

4. Describe ways in which a population affects its environment. 

5. Propose a program to solve the problem of food deficiencies 
due to overpopulation. 


B2b. Ela 

B6b. B7a. Ela Elr E3b 
B2b. Ela. E3e 

E:3b. E3c.e. t ^a c 
A. B9a c. E3b. E4a.c 


1). I ood Chains 




1. Define hai)itat and niche. 

2. Diagram and describe a food chain web in an ecosystem. 

3. Diagram an ecological pyramid and explain energy los?;. 

4. Trace energy to its original source. 

5 Describe and give examples of symbiosis, parasitism, com- 
mensalism and photr)cooperation. 


B2b. Ela. E3a b 
Bllb. Ela. Elc. Eia e 
Bllb. D8a. D9b. I la. ESa e 
A. C3b. D9b. Ele. E3e. E4c 
Ela. Eld. E3e 


r. Interdependence 




1. Identify five kinds of ecological relationships. 

2. Demonstrate changes in an ecosystem. 

3. Identify Interdependencies of organisms in a given ecosystem. 
4 Identify ways in which people affert ecosystems 


Ela. Eld. Ele. E4a. i:4b 
A. Bla. BIOc. E4a c 
A. Ela e. E3a c 
A. Ela. Eld. E3a.c 


5 tlxplain the role of homeostasis in the maintenance of life 

6 Identify problems in an ecosystem. 


A. Ela e. E4a.c. ESa d 
A. Bib. B9a.c. E3a e 
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Course Objective 



7. Conduct an ecological survey. Interpret results. 



8. Propose solutions to ecological problems. 



Essential 
Skills Objective 



A. B6a-b. B7a. E3a-e 



A. B3a-b. B4a. B9a-c. E3a-c 
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Course Outline — • Chemistry 





Essential 


Course Objective 


Skills ObJecHve 


i. The fundamental units and theories of the science of chemistry 




A, Lhemistry as a science 




1. Definition of science 


B 


2. Definition of chemistry 


B 


3. Differences between chemistry, physics and biology 


B 


*4* i^inerence oeiween an ooservaiioii anu an inierpi^iaiuin 




5. Difference between accuracy and precision 




6. Measurements have three parts — coefficient, units and uncer- 




tainty 


B5 


7. The use and limitations of models in explanations 


Bll 


8. The metric units of length, area, volume, mass, force and 




energy are used in chemistry 


CI. C2. C4 


9. The difference between an operational and conceptual defini* 




tion 


B8a. b 


B. The units of chemistry — atoms, molecules, moles and 




atomic molecular weight. 




1, The three definitions of the mole 


B5e 


2. The difference between atoms and molecules 




3. The calculation of atomic and molecular weight 


B5e 


4. The use of dimensional analysis (factor unit label method) 




to convert quantities given in one definition of the mole to any 




other 


B5e. B12 


5. Chemical symbols, formulas and equations 




C. The atomic theory 




1. A simple model of the atom 


B2a 


2. The location of electrons, protons and neutrons in the atom 


B2e 


3. The difference between elements and compounds 


B5a 


4. Nomenclature of simple compounds 




5. Reading chemical equations in mole units. 


B5e 


6. Balancing chemical equations 




7. Using dimensional analysis and the definitions of the mole to 




solve. stoichi()met ric prpblws 


BI2 


8. tvidente for the atomic theory 




i. The law of simple multiple proportions 




ii. The law of definite composition 




l). The i<inetic molecular theory and gas laws 




t. The cnmbtntng vohimes of gasps 




2. Avogadro's hypotiiesis 




3. The definition and units of pressure 




4. Atmospheric pressure 




5. F^ressure and volume of gas are inversely related (PV k) 




6. The difference between an absolute and relative nieasurcnu'nt 




7. The definition of temperature 


V. 141), I 


8. The relationship between Celsius and 1 ahrenhelt tempera- 




tures 


CI 41) 


9. The absolute temperature scale 


( I4b 


10. The volume and pressure of a gas are directly proportional 




to the absolute temperature (V kT and P kT) 




II. The difference between heat and teniperaturo 


CI4d 


12 (.<!< h q<is in a miHtur«' < ontributes prcsHurr iiuicix'ndcntiv ol 




th<' others 
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Course Objective 



Essential 
Skills Objective 



13. The concept of an ideal gas 

14. Reasons real gases are nonideal 

i. Real molecules do have volume 

ii. Weak attractive forces do exist between molecules 

15. The Ideal gas law is a statement of energy equivalency 
between the atomic kinetic level and the macroscopic level 
(PV nRT) 

L. Liquids and solids — condensed phases of matter 

1. The nonideality of gases causes liquefaction 

2. The atomic model of a solid can be used to explain its prop- 
erties 

3. The atomic model of a liquid can be used to explain its prop- 
erties 

4. Boiling point is defined in terms of vupor pressure and 
external pressure 

5. The relationships between vapor pressure, temperature, 
strength of intermolecular forces, heat of vaporization and 
boiling point 

6. Solutions 

i. Know terms solute, solvent saturated, unsaturated, elec* 
trolyte. Ions and ionization 

ii. Be able to calculate molality and molarity 

iii. Predict change in vapo^ pressure 

7. Equilibrium models of phase changes 

II. Reaction chemistry 

A. Energy changes in chemii'al reactions 

1. Energy is conserved in chemical reactions 

2. All chemical substances contain a certain amount of chemi- 
cal energy or enthalpy 

3. The heat of reaction indicates the chemical energy difference 
between the reactants and t<ic products 

4. Reactions with negative heats of reaction are exothermic: 
positive heats of reaction are endothermic 

5. Energy terms may be written in balanced chemical equations 

6. Entropy is a measure of disorder In a system 

B. Kdtes of reaction 

1. Units and meaning of a rate of reaction 

2. The distribution of kinetic energy for a sample of molecules 

3. The concept of reaction mechanism 

4. The concept of activation energy 

5. Energy charts of reactions 

6. The mechanism of catalytic change of fearti<»n rate 
(\ fiquilibrium in chemical reactions 

1. The paradox of equilibrium is how can continuous change 
produce a system which is not changing: the resolution to the 
paradox is that two offsetting microscopic changes are occur- 
ring 

2. Tfu' definition of the equilibrium constant as a ratio of forward 
and reverse rate constants 

3. The definition of the equilibrium constant as a ratio of amount 
of products to reactants 

4 Neither the balanced cheniical equation nor the rate of reac - 
tion can be used to predict the equilibrium constant 



Bllb 



Bli. B2a 
Bli, B2a 



Bid 

D5a. c 

Bli 

C9b 

C9a 
C14a 



C:i4b. c 



l)5a. c 

l)r>d 
l)5H 



S2 
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Essential 
Skills Objective 



5. i.e C hatelier'b principle helps predict the effertf^ of changes in 
the equilibrium condition 

6. Temperature changes do affect the equilibrium constant 

7. Equilibrium may also be defir>ed as a balance between thf? 
tendencies to minimize enthalpy and maximize entropu 

L). Solubility equilibrium and precipitation reactions 

1. Precipitates may be predicted by using so'ubility tables 

2. Equilibrium concentrations of species present may be calcu- 
lated by using the solubility product constant 

3. Substances may be quantitatively and qualitatively and'yzcci 
by using solubility data 

I A( id base reactions 

1 Operational definitions of an acid 

i Phenolpthalein colorless 

ii. Litmus red 

iii. Tastes sour 

iv. Electrolytes 

V. React with Zn giving H2 
vT. Noh m e t al o X I ( \c s 

2. Operational defiftKioiis of a bast* 

i Phenolpthalein red 

ii. Litmus blue 

iii. Tastes bitter 

iv. Electrolytes 
V. Peels slippery 
vi. Metal oxides 

3. L (in( eptual definitions of au d( i(J 

i. forms H • in vtater 

if. Proton donor 

iii. Electron pair acceptor 

4. Conceptual definitions of a bdsc 

i. Forms OH- in water 

ii. Proton acceptor 

iii. Electron pair donor 

5. [)isf»ociation of widk acids imi basfs 

i. Acid dissociation constant 

ii Kw 

b. Calculating pH 
7. Titration problems 

( . ()\idation*reducti()n r^acti(>i)> 

1. Definitions of ox. iation iMh] reduction 

2. Oxidarion numbers. 

3. liaianc ng ^i'quations using oxidation numbers 

4. Batteries and elettrodt^s 

5. E lectrolysis 

III Better models of atomic (Mid niolcculcir striuture 

A AtofUs and the [)erj:)4i!c table 

! Atomic number, dtoiiiic wiMght. cittunu mass number is(>> 
topes 

2 ( aU ulation i>f tfie nurnbe*^ of ntuitrons ({ivcn the dtoinic iiuiss 
nuniber 

3 Kcidio^t tivitv 

t Al|)hd dpcrtv 
ii Beta de( av 



[)5a. d 

!)5d 
B7a 

B4d. e 



B4h 



( 9v 
B2e 



E 



I 



li 1 
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Course Objective 



4. Llementary electrostatics 

5. Mechanism of ion formation 

6. Ionization energy 

7. Periodicity of ionization energy 

8. Periodicity of atomfc size 

9. Periodicity of chemical properties 

10. Chemical families 
i. Alkali metals 

II. Alkaline earths 
ill. Halogens 
iv. Noble gases 

11. Shell model of citoms 

12. Cher.iical properties are related to the electron population of 
the outer shell 

13. The periodic table can be used to predict reaction ratios in 
compounds 

14. Chemical bonds can be forme({ by the transfer or sharing of 
outer shell electrons if these processes leavp filled shells 

B. Electromagnetic radiation provides a window into atomic struc* 

ttirp , 



Essential 
Skills Objective 



ClOa. b 



B5b 
B5b 
B5b 
B5b. c 



B5e 



r 1! 



1. The electromagrwtic radiation spectrum 

2. The particle-wave duality of light 

3. Wavelength times frequency equals the speed of wave pr*)p»- 
gation 

4. Energy equals frequency times Planck's constant 

5. Quantum theory of energy 

6. Bohr's quaotum model of election orbits 

7. Failure of the planetary model of atomic structure 

8. The difference between an orbit and an orbital for an electron 

9. The orbital model explains the observed spectrum of hydrogen 

10. Discrete spectral lines fepre^(>nf discrete energy differences 
between orbitalr in atoms 

Light may be emitted when electrons move to a lower orbital 
and absorbed when electrons move to a higher one 
Periodic properties can be explained by shell and orbital 
filling rules 



11 



12 



C. C>)Vnipnt bonding 

1. Nature of covalent bond 

2. Electron dot models of covalent bonding in molecules 

3. Polar bonds 

4. Molecular dipoles 

i. Van der Waals forces 
:i. Hydrogen bonding 
iii. Water molecule 

5 Structural formulas and sti( k mod(»ls of simple mol'»cules 

6 Multiple bonds 

7 Structural isomerism f . 
8. Molecular orbital theory 

9 Allotropes r;^ carbon and other network solids 

() \ouH and metallic bonding 



The nature ni the ionic bond 

L hdracteristi( s of ionic substances 

The mechanism of conduction in ionic solutioiis and melts 
The nature of metallic bonding 
The pioperties of metals 



CUh 
Cllb 



Clle 



B2d 
Bllb 

B4c 

B4b 
Bllb 



B2d 

B4(i 
Bid 

B6t 
B6( 
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Coarse Objective 



Essential 
Skills Objective 



K. Organic chemistry 

1. The difference between empirical and molecular formulas 

2. The experimental determination of empirical formula 

3. The experimental determination of molecular formula 

4. Structure determines chemical properties 

5. Functional groups 

i. Alkanes. alkenes, alkynes 

ii. Alcohols 

iii. Carboxylic acids 

iv. Ethers 

6. Simple nomenclature 
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Course Outline — Physics 



Course Objective 


Skills Objective 




1. Data Man ^ulation 






A. Make accurate lab measurements. 


Blc. B5a. B6a. D3b 




B. Apply rules for significant digits during measurements and 
data correlation. 






C. Determine accuracy and precision of lab measurements. 


A. B5b 




D Fxnrpss ini/prsp and dirprt DroDortionalttips amona data 


B3a. B7a 




Identify graphs of Ini/erse and direct proportlonatities. 


B7a 





F. Evaluate proportionality constants. 


A 




G Distinouish scalar and vector Quantities 


B2b 




H Perform oraDhical vector manioulations. 


/ • 




i Pprfnrm friannnmpf rir i/prtnr iTianiDulations 


A 











. 

11. Rectilinear Motion 


. . _ ^. 




A. Define displacement, velocity and acceleration as vector 
quantities. 






B. Distinguish speed and velocity. 


B2b 




C. Mathematically relate displacement, velocity and acceleration. 






D. Calculate average and instantaneous velociti<'s. 


A 




E. Use vector addition to determine resultant velocities. 


A 




F. Gse vector math to determine component velocity vectors. 


A 




G. Experimentally measure displacement, velocity and 
acceleration. 


Blc. B5a, B5b. BlOb. D2 


— 


H. Determine velocity from graphs of acceleration. 


B7a 




1. Derive the basic motion equations. 






- Apply motion equations in determination of ini Jal velocity, final 
velocity, displacement, acceleration and time interval. 


A 




K. Describe acceleration of gravity. 


D7a. D71) 




I.. Quantftattveiy describe 'free fall." 


D7a. D7b 




M. State Newton's Three i.aw of Motion. 


Did D6a. Dbh 




N Kvlate force, mass and dCceU^rdtion ^ 


Dirt. D6d. Df)b 




(). identify action and refaction 


l)6d 




111, Momentum 






A Dpfir.'^ niofnt*ntufTi. 






H Relate momentuni and itnpulsc 






( . Disfinquisi) I'Idstic <.n(i inelastif collisi!)ns. 


H2b 




\> Apply f ntt* rrf ( nrisrrvatfon of MnmrnMjm »n ^. ,iv?tm, 
( ullisioris 


A 
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Course Objective 



IV. Universal Gravitation 

A. State the Law of Universal Gravitation. 

B. Relate gravity and weight. 

C. Mathematically apply the Law of Universal Gravitation in 
determining attraction between masses. 



Essential 
Sklils Objective 



Dla. l)7a. I)7c 
Dla. l)7a.I)7b 
A. Dla. D7c. D7d 



V. Force 

A. list characteristics of force. 

B. Reserve trigonometrically force vectors. 

C\ Trigononietrically determine resultant force vectors. 

D. Kxperimentally investigate forces involved in inclined plane 
systems. 

b. Describe translattonal equilibrium. 
V. Identify equilibrant force. 

Ij. IMalhematically analyie systems Involving the eqiiililuant. 

VI. f'rtctton 

A. Investigate nature of friction. 

B. Describe characteristics of friction. 

C. [.Vdluate coefficients of friction. 

I). Analyze vector problems involving friction. 



VII. Parallel Forces 

A. Identify center of gravity of objects. 

B. Define torcjue. 

(' Investigate conditiuns required fur rotational eq4ul;t>ruin». 
D. Ose rotdtional equilibrium to a.-ialyze torque problems. 



VIII. Projectile Motion 

A Determine horizontal and vertical components of projec tile 
motion 

B Deternnne horizontal velocity and displacement for projet tiles 

C Determine vertit al velocity. dispUu ement and time of flight 
for projectiles 

D f xperimentally investi(i*<:e ♦ual projet tile motion. 



IX ( irc ular Motion 

A Drsi ribr urntorm linular imition, 

i 

B Define centripetal at i eleration, 

( Kelaie ( entnpetal a< ( eleration to tangential veloi it«' find rtidius 
of 4 urvafnre 

D I xpfrimentdllv ijue^tigate Lcntripetai nujtinn. 
I Di'siritM' the requirements for oibitril fiiqht 
I Ccdiulale lequired urbital vi'hjiitv- 



Dla 
Ar Dla 
A. Dla 

A. Blc. BiOb, [)la. Dlb 
t:5a 

bSa. bSd 



A. L5a 



Blc. B7a. BlOb. DIIF 
A 

A. DHI 



B8 

Blc. B7a. BiOb. Din. Dlb. 

f:r)a. i:5d 

A. C6b. Dla. Dlb. l.ba 



A 

A, 1)7(1 

Blc. B7a. BlOb. D2. lYAU 



B« 

Hit. B7rt. HKHy 
D7h. I)7d 
A. D7b. D7il 



ERIC 
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Course Objective 


Skills ObJecHve 




X. Rotary Motion 






A. Correlate linear motion with rotary motion. 






B. /..late mass, shape and rotational inertia. 






C. Derive rotary motion equations for determination of angular 
displacement, angular velocity, angular acceleraticii and time 
intervals. 






D. Describe gyroscope operation. 






E. Analyze mathematically rotary motion problems. 


A 





XI. Periodic Motion 






A. Describe periodic motion. 


D6b 




B. Describe simple harmonic motion. 


D6b 




C. Investigate pendulum motion. 


BIc. B7a. BlOb. D2 




D. Use pendulum motion equation in analysis of period of the 
pendulum, length of the pendulum and gravitational 


A. D7b 




nrrpfpmtinn 


. — 




Xll. Work. Power and Energy 








A. Mathematically define '*work*'. 


B8. D4 




B. Determine work involved in various systems. 


A. D4 




C. Relate power output to work done. 


D4. D5a. D5b 




D. Perform calculations involving work and power. 


A. D4. D5a. D5b 




E. Relate energy and work 


D5b 




Distinguish potential and kiheti^^ 


D6. D7 




G. Calculate potenttdl and kinetic energies. 


A. D6. D7 


— 


H. Describe requirements of Laws of Conservation of Energy and 
Momentum. 


D8 




I. Experimentally investigate efficiencies of machines. 


D8. D14f 




J. Use Laws of Conservation of Energy and Momentum to analyze 
energy and momentum problems. 


A. D8 




K. Describe various energy forms. 


D9a. D9c. DlOi. Dl la. D12d 
D13. D14 




XIII. Nature of Solids 






A. Distinguish adhesion and cohesion. 


Cli 




B. Use tensile strength to determine leaking point of materials. 


Cli 




C Define elasticity 


B8. C li 




I). State and ev.perimentallv investigate Hooke's Law. 


Bh. B7a. BlOb. Cli 




L. Relate stress and 


Cli 




1 1 l.^Sr I OUIIm 9 i*IIKJUlU3 miu 1 ll/iJntr ?> L.nw iii I lili 

stretching of materials 


(li 




1 
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Course Objective 



XIV. Nature of Liquids 

A. Describe surface tension. 

B. Relate cohesion, adhesion and capillary action. 

C. Describe melting process in terms of intermolecutar attractive 
forces and energies. 



XV. Nature of Gases 

A. Describe expansion, pressure and diffusion of gases. 

B. Describe vaporization process in terms of inter molecular 
attractive forces and energies. 

C. Explain equilibrium vapor pressure. 

D. Mathematically relate temperature, volume and pressure of 
gases. 



XVI. Thermal effects 
A. Distinguish thermal energy and heat. 



B. Distinguish temperature and heat. 

C. Deiftne and distinguish heat capacity and specific he^l 

D. Determine experimentally specific heats of materials. 

E. Use specific heat in mathematical analysis of heat transfer 
problems. 

F. Determine experimentally coefficiems of linear expansion. 

G. Use coefficients of linear and cubic expansion to solve 
wpansion probtems. * * 

H. Relate thermal energy and phase changes. 



XVII. Waves 

A. Distinguish longitudinal and transverse ivai i motion. 

B. Identify frequency, amplitude, period, wavelength and velocity 
of waves. 

C. Mathematically relate velocity, wavelength and frequency. 

D. Experimentally Investigate reflection, refraction and diffraction 
of waves. 

E. Relate reflectance of waves to impedance chanqe in medium, 
h. Describe superpositioning of waves. 

G. Distinguish destructive and constructive interference. 

H. Investigate standing waves. 



Essrntial 
Sbilb Objective 



Cla 
Cli 

Cli. C2d 



Clf. Cli 
Cli 

E5a. E5c 
Cli 



XVIII. Sound 

A. Describe variarion of speed of sound with varying temperatures 

B Describe dependance of speed of sound upon density of 
medium. 

i < ulatp intj'nsity and intensitv levels of hound. 
I). Desiiiiie rangt' of riudil.ility of the human I'ar 



D14b. D14d 
B8 

Blc. BlOb. D14b 
A. D14e 

Blc. BlOb. D14a, DHb 
A 

Cli. D14a 



Blc. B7a. BlOb 



HU. BlOb 



D]2b 
I)12b 

A I)l2a 
I)l2ci 
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Course Objective 



Essential 
Skills Objective 



K. Mathematkally analyze the Doppler Effect. 

F. Determine Doppler frequeiicy shifts. 

G. Define harmonics. 

H. Experimentally investigate the Laws of Strings. 

i. Experimentally investigate resonance of sound waves. 
J. Mathematically design resonance tubes. 

XIX. Nature of Light 

A. Describe Newton's Particle Theory of Light. 

B. Discuss developments leading to acceptance of wave theory. 

C. Identify components of electromagnetic spectrum. 

D. State implications of the Photoelectric Effect. 

E. List failures of the wave theory of light. 

f . De^crlbntie duatiranirelhTOTy-of itghtTPStrfHrrg^rom-PhnrkV 
equation. 

G. Apply DeBroglie's Matter Wave equation. 

H. Discuss X-ray production as a consequence of the inverse 
photoelectric effect. 



XX. Reflection of Light 

A. S*^te properties of reflection of light. 

B. Distinguish real ^nd virtual images. 

C Experimentally investigate image production by plane, convex 
and concave mirrors. 

D. Draw ray diagrams to locate images for pl^i^le. concave and 
ftrnveH mmms. 

E. Observe deiivation of mirror equation. 

y. Use mirror equation to analyze convex and c oncave mirror 
operation. 



XXI Refraction of Light 

A State laws of refraction. 

B I >efinp index nl refrttt t ion. 

C SUMc and appiv Snell's Law as NgSinOa NbSinOb 

I) I xpt'rimentdllu investigate lens optics. 

I Draw ray diagrams to locate images for various lens types 

1. App'v lens equation to analyze lens systems. 

(i Describe dispersion of white light into color spectrum 



XXIi Diffraction and Polarization 

A l)4 scrii)i* production of diffraction interference patterns 

li Matiieniatiiallv analyze operation of diffraction gratinq. 

( |)«'S( rilie transverse nature of li(jht wave disturbaiu es 



B8 

Blc, B7a, BiOb. D12e 
Blc. BlOb. B7a 
A. D12e 



DlOj. Dllb 
DlOj. Dllh 



-IH Oj. Dllb. Bile. DHh - 



Dllc 
Dllc 

Blc. B7a. BlOb. Dllc 
DIU 



A. Dllc 



Dllc 

B8 

Dllc 

Blc. B7a. HlOb. Dllc 

Dllc 

A. Dllc 

Dllc. Dllf. Dilq. Dilh 
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Course Objective 


Essential 
Skills Objective 


I). Oiscuss requirements for polarization of light rays. 
E. bxperimentally investigate polarization phenomena. 


DIlc 

Blc. BlOb 


XXIII. Electrostatics 

A. Apply Coulomb's Law. 

B. Experimentally pint electric fields. 

C. Define potential difference. 

D. Describe distribution of charges on conductors. 

E. Define capacitance. 

E. Determine combined capacitance of several capacitors. 


A, DlOa. DlOb 
Blc. BlOb. DlOb 


XXIV. Electricity 

A. Relate current, charge and time. 

B. Experimentally determine the relationship among current, 
potential difference and resistanre to current flou/ in a rirr nif 


Blc,B7a. BlOb. DlOe.DlOf-g 


C. State and apply Ohm*& Law, 

D. Apply Kirchhoff s Law to series and parallel circuits. 

E. Evaluate work and power in electric circuits. 


A. DlOg 
A. DlOg 
A. DlOh 


XXV. Magnetism 

A. State Coulomb's Law for Magnetism. 

B. Descrio<r the domain theory of magnetism. 

C. Discuss relationship of currjent flowio magnetic field generation, 
D Describe operation of generators, motors and the transformer. 


DlOc 
DlOc 


XXVI. Alternating Current Circuits 

A. Define inductive and capacitive reactance. 

B. Discuss operation of L, R. C circuits. 

C. Describe conditions necessary for resonance. 


DlOh 


XXVII. Electronic Components 

A. Observe and describe operation of vacuum tubes, transistors, 
diodes, the cathode ray tube and integrated circuits. 

B Oijserve use of rr)mponn. in amplifiers, radios, etc. 


DlOg 


XXVIll Nuclear Physics 
A. I)<»scribe properties of the proion, neutron and elpctron, 
B l)t>s( ribe factors affecting nuclear stiibilitv 
C . Desi rihf* processes involved in radiott: Mv » decay 
1) ( .mtrast fission and fusion, 
f! Discuss mo ^ app . . vms of nuclear energy. 
\ . Discuss methods of radiation detection, 
(i BtHonie tmare of modern nuclear partic le researc h. 


D13a 

DI3a ^ 

D13d 

I) 13b 

C6d 

1)1 3d 
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Course Outline — Physical Science 



Coufe Objective 



Defining science 

A. Explain the differences between 

1. Science as process and science as fact 

2. Science and technology 

3. Science and math 

4. Science and philosophy 

B. The processes of science 

1. Make observations 

a. Explain the difference between observations and 
interpretations 

b. Use all five senses to observe 

2. Make measurements 

a. Use the metric system 

b. Identify three parts of a measurement coefficient, units, 



c. Use dimensional analysis (unit analysis or factor label 
method) 

d. Discuss error and its sources 

I. Uncertainty, mathematical logical bii^s (randomly 

distributed) 
li. Human (biased) 
lii. Instrument (biased) 
iv. Procedural (biased) 

3. Search for regularities in observations and measurements 

a. Use graphs to display different types of mathemaMc 
relatipnships . 

i. Independent variable vs. constant 

ii. Direct proportionality 
lii. Inverse proportionality 
iv. Exponential 

b. Cause and effect 

c. Models 

d. Classification schemes 

i. External similarities 

ii. Functional similarities 

iii. Similarity of origin 

iv. Other methods 

4. Make statement of regularity from data (form hypothesis) 

5. Design experiments to test a hypothesis 
<> ientify important variables 

<mit variables in the system to two b«' holding others 
constant 

c. identify the independent variable, control it. and measure it 
d Identify the dependent variable and measure it as a 
function of the independent variable 

e. Communicate the results 

6. Identify proven hypothesis as confiTming or contradicting 
existing higher level truths of science such as laws or 

tht>t)ries 



Essential 
Skills Objective 



A 
C6 



B8a, b; B9a; Cla; 
Bla. b; B6a; B3a 



Blc, B5a. b 



BlOd 

_JUQd. 
A 



B7a. b: B9b 
B6b 



Blla. b 
B2a. b. c 
B7a 



B3a. b; B4a: B9( 
B4b: BlOa. BlOc 

BlOc 

BlOc 



B6ci. h 
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Course Objective 




Essential 
Skills Objective 




II. Describing and explaining the properties of different types 
of matter 










A. Observations 








- 


1. Explain how one could observe the differences between 

i. Matter and energy 

ii. Elements, compounds and mixtures 
ill. bonds, liquids and gases 

iv. Physical and chemical changes 
V. Acids and bases 

vi. Metals and non-metals 

vii. Hydrogen, nitrogen, oxygen and carbon dioxide gases 

viii. Soluble and insoluble substances 
ix. Mass, weight, density 




Cla 

Clb; C2b. c 
Cli; D9 
C4e; C4f 
C5b; C6c 
CSd 
C4d 


■ 






B. Atomic theory can be used to explain these obsen/ations 




C2a 






1. Identify atoms or molecules as the basic building blocks 
of matter 

2. Draw a model of the structure of an atom 




C2a; C2e 




1 


9. i)tsrti55*ttT^ropertl^s oi electrons, protons and neutrons 
in atoms 

4. Explain how an atom can be radioactive 

5. Discuss the two types of chemical bonding, ionic and covalent 




C2e 

PI3 
C2d 






C. Identify the patterns in matter displayed in the periodic table 




C5a 






1. Distinguish atomic number and atomic mass number 

2. Define and distinguish atomic and molecular weight 

3. Explain what isotopes are 

4. Label and explain chemical families 

5. Discuss the relationship between electron structure ^nd the 
periodic table 

D. Organic chemistry 




C5e 

C5b 
C6f 

CSd 




1 


r Identify the characteristic bonding patterns of carbon. 

hydrogen and oxygen 
2. Draw structural formulas of isomers given the molecular 

formula 

E. riement^i-y Stoichiometry 

1 Write and interpret simple chemical formulas 
2. Balance chenntcal equations 










HI. Interactions of matter and energy 










A Define these dimensions in metric units and explain how 
the simpler dimensions are used to define the higher dii /nsions 








— 


1. Length 

2. Area 

3. Volume 

4. Mass 

5. Time 

6. Velocity 

7 Acceleration 
H. Force 
9. Lner<jv 
10 Pcuver 




1)2 

Cle 
Cle 
1)3 

l)3a. b 
1)1 a. b. ' 
[)4 

I)5a. b 


r 

i- 
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9.i 







Course Objectiv^^ 



B. Identify the mechanism of simple machines 

1. Lever 

2. Pulley 

3. Inclined plane 

4. Wedge 

5. Screw 

C. Discuss the principles of simple machines 

1. Conservation of energy 

2. Mechanical advantage 

3. Efficiency 

D Identify devices to change each type of energy to as many 
otfier types as possible 

1 Energy of rrovement 

a. Heat 

b. Kinetic 

2. Energy of position 



^ Electric ~ * 

b. Magnetic 

c. Gravitational 

drt^tremrcat^ " " 

e. Nuclear 
3. P rpagated energy 
a. Electromagnetic radiations 

E. Explain Newton's Three Laws of Motion 
1. Inertia 

2 F ma . 

3. Every action produces an opposite and equal reaction 

F. Use equations to make predictions about falling objects 

1. Distance traveled 

2. Time traveled 

3. Veloctty 

4. Acceleration 

G. Discuss the measurements of molecular energy 

1. Heat 

a. Conduction 

b. Convection 

c. Radiation 

2. Temperature 

3. Explain the difference between heat and temperature 

H. Light and sound waves 

1. Ways waves can interact with matter 
a Transmission 

b. Absorption 

c. Refraction 

d. Diffraction 

e. Reflection 

2. Properties of waves 

a. Troughs 

b. CreMb 

V. Wavelength 
d. Nodes 



01 



Essential 
Skills Objective 



C6a 



D8a. b 



C6d: DlOi: Dlla 



D6 
D7 



D7a 



DIO 
D6a. b 
D6b 



D14 
D14e 



D14b. c 
D14d 

Dllb: D12 
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Course Objective 



Easentiai 
Skills Objective 



e. Amplitude 

f. Frequency 

g. Constructive interference 

h. Destructive interference 



3. The electromagnetic spectrum 

a. Radio 

b. Microwaves 



DIO 
DIOJ 
HUh 



c. Infrared 

d. Light 

e. Ultraviolet 

f. X-rays 

g. Gamma rays 

I. F.leiirostatics and electric Vircuits 

1. Discuss the imbalance that creates charged piece of DlOa. b 
macroscopic matter 

2. Explain induction 

3. Explain what an electric current is DlOd; DlOh 
4 -4>eseftbe-the^latien»hip-betwcem>Trdcctrir r o i i ent andits- DlOd.'b 

magnetic field 
5. Distinguish between an insulator and a conductor 
6^Draw ancLiabel electric circuits . - _ . . DlOt , . 



a. Wires 



DlOe 



b. Resistors 

c. Batteries 

d. Switches 

e. Ground 



7. Identify the units used to measure electricity within a circuit 



DiOe 



a. Volts 



b. Ohms 



c. Amperes 



d. Watts 
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Key 

I - Introduce 
D - Develop 
R - Reinforce 



Es.«$siitial Skills 

Science (1981 Revision) 



Topic 



Concept/Skills 



A. Problem Solving 



The learner will use process skills 
{observing}, clcissifymg, inferring, 
predicting, measuring, communicating, 
interpreting data, making operational 
definitions, formulating questions and 
formulating models) as a basis for 
solving problems. 



K-4 



B. Process of Science The learner will 



1. Observing 



2. Ctassifying 



3. Inferring 



4. Predicting 



5. Measuring 



a. make observations m a variety of 
ways tising ^If of t^ie-senses. 

b. use indirect methods if direct 
sense experience is insufficient 
to observe objects or events. 

c. make quantitative observations to 
accumulate precise data. 

a. classify objects on the basis 
of observations. 

b. classify objects and events on 
observable similarities and dif- 
ferences of selected properties. 

c. use classification keys to place 
items within a scheme or to re- 
trieve information from a scheme. 

a. make evaluation and judgment 
based on observations. 

b. make predictions based on obser- 
vations of events. 

a. formulate an expected result 
based on past experience. 

b. confirm a prediction through an 
experiment. 

a. measure properties of objects or 
events by direct comparison 
through standardized units of 
measurement. 

b. interrelate identifiable charac^* 
teristics which can be measured 
to provide quantitative values 

in th * description of physical 
phenomena. 



I D 



5-8 



D 



D 

D 
D 

D 
D 



D 
D 

D 
D 
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Topic 




Concept/Skills 


K-4 


5-8 


9-12 


0. 


i^ommunicai 1119 


a. 


keep accurate records of observa* 














tlons for checking and rcchecking 














bu others 


I 


n 


n 

VJ 






b. 


make graphic representations of 














accumulated records of observa- 














tions and communicating this in- 














formation clearly and 














meaningfully. 


I 


D 


D 


7. 


Interoretina Data 

• 1 1 E Wt I Wt bill ^« ^1 L ^1 




3U1«II CIS l^lClOOiiyillijf 














predicting, inferring and communi- 














cating to interpret data. 


I 


D 


D 


^-'^ 




b. 


revise interpretations of data 














based on new information or 














revised data. 


1 


D 


D 


Q 
O. 


Making Operational a. 


denne observed phenomena to dif- 










Definitions 




ferentiate this information from 














other phenomena. 


! 


D 


D 






h 


make orecise dpfinitions of 














objects or events based on obserxable 














characteristics of the phenomena anc 














the operations performed 














as well as on mathematical 














relationships. 


1 


D 


D 


V. 


Formulating 


a. 


make questions on the basis of 










Questions and 




obspfvat i ons 


1 


n 


n 




Hypotheses 


b. 


generate more questions or problems 














to be solved through application of 














other processes of science. 


1 


D 


D 






c. 


devise a statement which c?n be 














tested by experiment. 


1 


D 


D 


10. Experimenting 


a. 


desian data • aatherino nrocpdiirps 














as well as testing a hypothesis. 


1 


D 


D 






b. 


identify variables and control 














aspects of an experiment. 




I 


D 






c. 


consider limitations of methods 














and apparatus of experimentation. 


1 


D 


D 


11. 


Formulating 


a. 


devise models on the basis of 










Models 




acceptable hypothesis or hypotheses 














yet to be tested. 




• 

i 


D 






b. 


use models to describe and explain 














interrelationships of ideas. 


I 


D 


D 


C. 


MQiier 


The learner will 








1. 


Description 


a. 


describe the surfaces by color* 














shape and texture. 


1 D 


R 


R 
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Topic 




Concept/Skills 


K.4 


5-8 


9-12 




b. 


differentiate among solids, 














liquids, gasses. 


1 




D 


R 




c. 


classify similar objects by particle 














size. 


1 




D 


R 




d. 


explain the difference between 














mixtures and solutions. 




I 




D 




e. 


measure matter by both volume and 














mass. 






D 


R 




t. 


describe density as light or heavy. 


! D 










9- 


predict ability of objects to float in 














u/3tpr 


1 




n 






h. 


define density as mass per unit 














volume. 




1 

1 




D 




i. 


explain changes in matter (form 














or phase) requiring energy exchange 














(input or output). 




1 

I 




D 


O O A. A. _ 

I. Structure 


a. 


explain structure of matter as 














array of atomic building blocks. 




I 




D 




b. 


describe crystal structure by 














shape. 






D 


R 




c. 


explain crystals. 




1 


D 


D 




d. 


classify matter according to 














theoretical structure, e.g., ionic 














or covalent (electrical attraction 














or electron sharing). 








I D 






UcbCriUc lllc IllcUrcliCal CliclTllCcll 














atom as dense positive nucleus 














surrounded by negative electron 














cloud. 








1 D 




f. 


differentiate between living and 














nonliving matter. 


1 




n 


R 


o. tartn-bpace 


a. 


describe earth as sphere in space, 










Relationships 




part of solar planetary system. 


1 




D 


R 




■ 

0. 


describe the solar system in the 














context of its relative galactic 














position and the theoretical 














relations among celestial objects. 




1 




R 




c. 


recognize sun as principal source 














of earth energy. 


1 




D 


R 




d. 


describe climatic zones of earth 














(polar, temperate, topic). 


1 




D 


D 




e. 


recognize atomsphere, lithosphere, 














hydrosphere as gaseous, solid and 














liquid components of earth structure 


1 




D 


R 




t. 


classiiy rocks by their methods of 














lormuioTion vigneous, meiamorpnic, 














sedimentary). 


1 




D 


R 




g. 


show familiarity with theoretical 














structures of lithosphere (plate 














tectonics, mantle, theoretical liquid 














core). 




1 




D 
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Topic 




Concept/Skills 


K-4 


5-8 


9-12 






h. 


test rock and stones for color. 


















hardness, crystal structure. 


1 


I 


D 




D 






i. 


differentiate fossiliferous stones 


















from igenous v^r metamorphic. 




I 




I 








J. 


explain water cycle and related 


















weather phenomenon. 




1 
1 






r\ 
U 






k. 


relate tilt of polar axis to 


















scOsUflcll veil ICIIIUIIS. 




1 






D 






1. 


explain tidal behavior as earth- 


















moon-sun gravitational coupling. 




I 


D 




R 






m. 


describe forces tending to change 


















the earth's surface (water flow, air 


















flow, vulcanism, humans). 


1 


I 


D 




D 


4. 


Water 


a. 


show appreciation of water as 


















unique substance essential to life 


















functions and to many natural 


















inorganic changes. 


■ 

1 




D 




R 






b 


describe molecular structure of 


















water. 




I 






D 






c. 


explain theoretical weak polar 


















electrical properties of water 


















molecules. 








I 


D 






d. 


explain aqueous solutions as 


















molecular or ionic dissociation. 




I 


D 




D 








c/vpiGliil dCIU UCIoc WCllci 9UIU1IUII3 


















by measuring with appropriate 


















indicators. 


1 


I 


D 




D R 






f. 


explain the acidity/basicity 


















of wai IT solutions as functions 


















of hydrogen ion concentration (pH). 




1 






D 


5. 


Elements 


a. 


differentiate among elements. 


















compounds and mixtures. 


I 




D 




R 






b. 


show awareness of periodicity of 


















elements by using the periodic table. 


I 




D 




R 






c. 


differentiate among metals, nonmetals 


















and noble elements. 




I 




I 


D 






d. 


classify elements by electron 


















configuration. 








1 
1 


n 
u 






e. 


explain peculiar properties of 


















nviinon hiiHrnnpn ;%nH f^rnnn PinH thpir 

l/Ay MCI 1, 1 ly vii i/^s^" ui lU ^cii \j\iit aiivi iiidi 


















roles in basic life processes. 




1 






D 






f. 


using the periodic table, show 
















awareness of molecular weight and use 


















Avagadro*s number to explain mole 


















concept. 








1 


D 


6. 


Technology 


a. 


identify and use simple machines. 


1 




D 




R 






b. 


predict force changes of direction 


















and intensity using simple machines. 




1 


D 




R 
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Topic 




Concept/Skills 


K.4 


• 

5.8 


9-12 






C. 


show systems for converting energy 


















or trAncfprrinn infnrnmtinn inform 


















pieting such systems as planned uses 


















of peculiar properties of certain 


















types of matter such as fuel, engines, 


















electricity generation, light generation 


















radio, television, computers. 






I 


D 




D. 


Energy 


The learner will 












1 


rorcG 


a. 


identify any pushing or pulling on 


















any object as a force. 


I 


D 


n R 




R 






b. 


measure forces with balances. 


















springs and other appropriate 


















devices. 


1 




D 


D 


R 






c. 


define energy qualitatively as 


















cause for change. 




n 


D 






2. 


Distance 




measure distance in appropriate 


















standard or arbitrary units. 


1 




D 


D 


R 


3. 


Time 


d. 


aeveiop doniiy lo leii lime. 


I 


D 


R 




R 






0. 


measure time intervals using 


















standard clock stopwatch. 


1 




D 


D 


R 


4. 


Work 




maKs mainemaiic<}i comparisons or 


















force, distance and time as an 


















operaiionai aennition or power. 






1 


D 




5. 


Power 


a. 


make mathematical comparisons 


















among force, distance and time as an 


















operational definition of power. 






1 


n 








b. 


define energy quantitatively as a 


















lunrK pmiiufilpnt (ff^fs%\ iifrhrL t\f\no 


















equals energy consumed). 






1 


D 




6. 


Kinptic pnerQu 


a. 


identify and define in operational 


















setting the three Newtonian laws of 


















motion. 






1 


n 

kJ 








b. 


define inertia qualitatively as 


















the resistance to change from outside 


















force. 






I 


D 




7 




a. 


identify gravity as force (pull). 






r\ 
U 




R 






b. 


measure gravitational attraction 


















of earth (weight). 






D 




R 






c. 


identify gravitational attractions 


















of celestial objects; establish 






I 


D 








d. 


calculate gravitational acceleration 


















and quantify energy equivalents 


















of mass times height. 








I D 
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Topic 



Concept/Skills 



8. Energy 

conservation 



9. Chemical energy a. 



10. Electromagnetic 
energy 



a. identify examples of conservation of 
energy in mass*matter interchanges. 

b. define conservation as total en- 
ergy of any system as being equiv* 
alent both before and after any 
change within that system. 

explain food, fuel energy in 
relation — (theoretical) to making 
and brealting bonds between atoms 
in compounds. 

b. describe and identify foods as 
sources of biochemical energy. 

c. describe the operation of electro- 
chemical battery (electric cell) as 
ionic potential of component 
substances 

d. describe the theoretical function 
of the electrolysis process 

e. use safety procedures in handling 
hazardous chemicals. 

a. perform simple demonstrations of 
static electricity using paper, 
plastic, rubber. 

b. identify electrical forces of both 
attraction and repulsion. 

c. recognize polarity of magnetic 
substances, predict attraction or 
repulsion with polar similarity or 
dissimilarity. 

d. generate electrical energy with 
moving magnet and wire conductor. 

e. measure electric variables with 
appropriate instrumentation. 

f. perform simple demonstrations of 
interaction among oatteries, bulbs 
and wires. 

g. construct electrical circuits and 
predict performance of variables as 
function of circuit design. 

h. differentiate between direct and 
alternating current and predict 
energy transmission with each 
form of current. 

i. describe electric power generating 
facilities as energy conversion 
devices, e.g., water potential, chernica 
potential, atomic potential into 
electric potential. 



K*4 



5-8 



9-12 



D 



I D 



D 



R 



I 



I 



D 



D 



D 
D 
D 



I 



D 



D 
D 



D 



D 



I D 



I D 
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Topic 




Concept/Skills 




5-8 


912 




j- 


describe electromagnetic spectium 
















as theoretical mechanism for ex- 
















planation of radio, light, x-ray 
















and other waves. 




1 






D 


11. Light energy 


a. 


show light production as elect rical 
















or cnemicai energy conversion. 


1 
1 




D 




R 




D. 


explain light propagation as wave 
















phenomenon. 




1 

1 






D 




c. 


demonstrate light control through 
















optical uevices sucn as mirrors ana 
















lenses; predict effects of various 
















optical structures. 


1 
1 




D 




D 




d. 


explain optical function of human 
















eye, lormuiaiion oi camerai image. 


1 
1 












e. 


explain iignt propagation as 
















particulate (photon) projection. 








I 






f. 


identify colors. 


1 D 




R 




R 




g- 


differentiate between colors and 
















pigments. 




1 




1 


D 




h. 


explain optical spectrum as small seg- 
















ment of electromagnetic spectrum. 




1 






D 


12. Sound energy 


a. 


describe sounds as low, high, 
















quiet, loud, pleasant, harsh. 


1 
I 




D 




R 




b. 


explain sound as compression wave 
















phenomenon. 




1 






D 




c. 


measure sound in terms of energy 
















units. 








I 


D 




d. 


relate conversion of several 
















energy forms - electrical, mechanical 
















- into sound. 


1 




D 




R 




e. 


explain the function of several 
















sound devices such as ear, tele- 
















phone, vocal cords, loudspeaker. 




1 






D 


1 J. Nuclear energy 


a. 


describe atomic nuclear structure 
















and explain instaoiiity tneory. 




1 






D 




D. 


describe functioning of nuclear 
















reaction, heat/electricity generator. 




1 






D 




C. 


recognize normal background 
















radiation phenomenon. 




1 






D 




d. 


demonstrate appropriate sarety 
















precautions for dealing with 
















radioactive materials. 








1 

1 


D 




e. 


differentiate nuclear radiation 
















pnenomenona vaipna, oeta, gamma 
















radiation). 








1 


D 


14. He^t energy 


a. 


demonstrate heat as change agent 
















(cooking, melting, reforming). 


I 




D 




R 




b. 


measure temperature. 


I 




D 




R 




c. 


explain temperature as molecular 
















motion. 




1 






D 
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Topic 



Concept/Skills 



E. Interaction 

1. Interdependence 



2. Heredity 



3. Environment 



4. Change 



d. differentiate between heat and 
temperature. 

e. explain heat transfer mechanisms 
convection, conduction, radiation). 

f. demonstiate heat generation and loss 
in mechanical energy exchanges. 

The learner will 

a. identify evidence of interdepen> 
dence in living systems. 

b. identify evidence of Interdepen* 
dence within organisms 

c. draw inferences about interdepen- 
dence based on field observations. 

d. describe plant/plant, plant/animal 
animal/animal interactions. 

e. describe biogeochemical cycles. 

a. describe organic systems from 
simple to complex. 

b. identify and describe function of 
cellular parts. 

c. compare cellular models in all 
living things. 

d. describe structure and function 

of elemental cellular particles such 
as DNA and RNA. 

e. explain the transfer of genetic 
information. 

f. explain the mechanism of genetic 
analysis such as gent> pools, statis* 
tical application, recombinant 
alternatives. 

g. explain heredity as the mode of 
species continuation. 

a. describe a comprehensive model of 
environmental interaction. 

b. construct models for analysis of 
environmental problems. 

c. recognize environmental impact on 
his or her personal life. 

d. manage his or her personal en> 
vironment in an effective manner. 

e. analyze systems in the environ- 
ment in order to understand the 
holistic model. 

a. describe the changes as a neces- 
sity for species survival. 

b. Identify examples of change in 
inacrosytems, among organ systems, 
organisms and ecological systems. 



K-4 



I 



I 



I D 
I 



I 



I 



I 



I 



I D 



5-8 



D 
D 



D R 

D 

D 

D R 
D R 

D 

D 
D 

D 



D 
D 
D 
D 

D 

D R 
D R 



9-12 



R 
R 

D R 

R 
R 

D R 
R 

D R 

D R 

D 

D 



D 

I D 

I D 
D 



R 

D R 
R 

D R 

D R 
R 

R 
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Topic 




Concept/Skills 


K-4 


5.8 


9-12 




c. 


interpret change and equilibrium 












as a dynamic interaction. 




1 


D R 




d. 


measure and analyze changes in 












living systems. 


I D R 


D R 


R 


^ Fniiilihiriiim 

ti^Ulllvl lUlll 


a. 


r(fcugni4e(f onu Qesunue sysieinb in 












equilibrium. 




, 


D R 




b. 


define equilibrium in living 












systems. 




I D 


R 




c. 


defend the concept of equilibrium 












by using models. 




I 


D R 




d. 


measure equilibrium. 




I D 


R 


n flniAnlciTic 
%}» tjciillbilia 


a. 


Qebcnuc siinpi6*coinpiex organisms 












uii ciii cvuiuiiuiiciry coniinuuin. 




1 n 
1 u 






K 
U. 


laeniiiy ana aescnue coinpiex uoay 












systems (plant, anima' and protists). 




I D R 


R 




C. 


relate function to structure of 












body systems (plant, animal and 












protists). 


1 


D 


R 




d. 


apply measurement skills to analy- 












sis of systems. 


1 


1 D 


R 
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Field Trips 



Science field trips traditionally have been planned 
and executed by those few scienc<> teachers brave 
enough to overcome local policy restrictions, 
transportation hassles and financial roadblocks. 
Students have rarely exhibited lack of enthusi- 
asm for learning during the on*site visit of poten- 
tially interesting places such as industrial plants, 
hospitals, museums and the like. Many teachers 
have felt such divided loyalties to administration 
and to students that perhaps all the work involved 
in planning and taking a field trip has not been 
worth the effort. A closer look at the educational 
value of field trips might expand our horizons in 
terms of attitudes toward and different approaches 
to planning science field trips. 

One can consider the added value of field trips as 
career education. Career education encompasses 
the total education of the student, including the 
intellectual and personal growth, as well as the 
development of vocational interests and skills. 

How do science field 
trips fit into basic 
education? 

Most field trips deal with providing students with 
cognitive experiences with science subject mat- 
ter at the grade level/or in the science area 
involved. There are other cognitive experiences 
and even some affective cnes which should also 
be considered important and should be included 
in the plans for any field trip. Some of these 
experiences might result in the trip being consid- 
erably more meaningful for many of the students. 

Science field trips can also contribute to the per- 
sonal growth of the student. They provide an 
opportunity for him to observe and relate, first- 
hand, to a variety of people working scientific or 
science related careers. Other opportunities 
include seeing people involved in continued learn- 
ing, working together, solving problems and car- 
rying out varying levels of responsibility. Proba- 
bly most important value for field trips is the 
personal growth which can result from students, 
teachers, parents and others being together away 



from the school environment in an atmosphere 
of cooperative teaching, learning and fellowship. 

Educators at all levels need to be made aware of 
the immediate need for experiences outside the 
school environment to provide a comprehensive 
education for all students. With this awareness 
will come increased support for such experiences 
so that they might become an integral part of 
the instructional program. 

The maximum potential of field trip sites should 
be recognized. Many places offer a variety of 
science-related occupations at various levels for 
differing numbers of students to investigate. For 
example, students visiting a hospital can observe 
and interview people as physicians, nurses, nurses 
aides, pharmacists, medical secretaries, dieti- 
tians, researchers, laboratory and X-ray techni* 
cians, physical and respiratory therapists, volun- 
teer workers, etc. Some field trips might involve 
only a small number of students. It is essential 
that the group not be too large to accomplish 
the stated objectives of the trip. Suggestions for 
science field trips which can include experiences 
in the learning of science content and processes 
as well as career and general interest informa- 
tion follow. 

— Science Center and Museum 

— Community Health Center 

— Industrial Plant 

— Radio and TV Station 

— Zoo 

— Fish Hatchery 

— Doctor/Dentist 

— Engineering Firm 

— Electronics Repair Shop 

— Lumber Company 

— Science Equipment Sales Co. 

— Mortuary 

— Rocket and Space Center 

— Hospital 

— Community Service Agency 

— Farm 

— Airport 

— Crime Laboratory 

— Animal Hospital 

— Greenhouse/Florist 

— Photography Studio 
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— Dry Cleaner 

— University (science teaching and research) 

— Pharmacy 

— Geological Sites 

Participating students should be involved in the 
planning of the field trip and should be encour- 
aged to look for the variety of occupations and 
types of people at the field trip site, in addition to 
the main science content objective of the field 
trip. Students might draw up their own observa* 
tion/interview sheet to take along on the trip to 
record the information about the occupation(s) 
in which they have an interest. 

Some provision should be made for follow-up 
activities, preferably creative ones which are 
meaningful to the students. The techniques listed 
below can provide ways of relating science field 
trips to the students* general science knowledge, 
hobbies and citizen and consumer responsibili- 
ties as well as to their future jobs. 

• Students can participate in role-playing and 
simulation activities, panel discussions and 
debates. 



• Students can write summaries, want ads, news 
releases, stories, songs and plays. 

• The student may also do the following activi- 
ties. 

— Make an oral report 

— Read a book or article 

— Compile a notebook 

— Construct a bulletin board 

— Make a collection of related materials 

— Draw a chart 

— Construct a diorama 

— Draw a mural 

— Draw a cartoon strip 

— Produce a filmstrip 

— Produce a puppet show 

— Adapt a game ("20 Questions*'. •^What's 
My Line?". "You Are There". "To Tell the 
Truth". "Jeopardy") 

— Go on related trips, have resource people 
in or conduct interviews 

Making necessary arrangements, careful plan- 
ning and follow-up activities are essential ingredi- 
ents for any science field trip. A sample eval- 
uation checklist follows. 
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Science Field Trip Evaluation Checl&list 



Anransements 



Plannins 



Follow up 



Adequate pretrip arrangements were made with the school administration, other 
teachers and parents. 

Transportation arrangements were adequate. 

Necessary provisions for meals, overnight accommodations, etc. were made. 
Plans were made for special needs (medical, physical) for certain students. 
Adequate supervision was provided. 

A li&?t of all student's home phone numbers was compiled for the trip. 

Necessary arrangements were made for those students for whcm financial problems 
might interfere with their participation on the trip. 

The trip was planned well enough in advance to schedule the kinds of activities 
desired for the group. 

The trip was planned to supplement regular classroom science instruction. 
Students were involved in the planning and objectives. 

Students were given enough prior information tojexplain the purposes of the trip. 

Students had choice of participating or not participating in the field trip. 

Students were given guidelines to follow and specific tasks to accomplish during the 
trip. 

The group was small enough to accomplish the objectives of the field trip. 

People with whom the students would have contact were informed about the students 
and the kinds of information in which they were interested. 

Provisions were made for posttrip sharing experiences. 
Thank you letters were sent to the host personnel. 

Notes were made on problems encountered for changes in future trips or recommen- 
dations were made that future trips be eliminated. 
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